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SUMMARY

Thisreportpresentsequations,tables,andfiguresforuseinthe
analysisofheliumflowat supersonicandhypersonicspeeds.Thecon-
tentsofthereportandpresentationofthedataparallelthatofa
similarreferencework(NACARep.1.135)preparedforairflow.

Theperfect-gasrelationsforcontinuousone-dimensionalflow,
namal-andoblique-shockwaves,andPrandtl-Meyerexpansionsarethe
ssmeas forairbutarepresentedhereforcompleteness.Thetables
presentthevaluesofusefuldimensionlessratiosforcontinuousOnel
dimensionalflowandfornormal-shockwavesas functionsofMachnumber.
Theheliumviscosityrelationas a functionof temperature,mass-flow
ratesas a functionofMachnumberandtemperature,andtheReynolds
numberasa functionofMachnuniberandstagnationtemperatureare
plotted.Theoblique-shockcharacteristicsofwedgessndconesinhelium
atMachnurribersof 12,16, 20,and24 me presentedina seriesofplots.
Throughoutallthec&putations,heliumis

INTRODUCTION

Theuseofheliw asa flowmediumin

consideredtobe a perfectgas.

wind-tunnelinvestigations
hasprovedtobe feasibleforthepurposeofattainingtestMachnum-
bersmuchhigherthanisnowpossibleinair. (Seeref.1.) Test
results(refs.2 and3) haveshowntheusefulnessofheliumtunnelsin
fundamentalgas-dynamicsstudies,andtheuseofheliumin conventional
aerodynamicstudiesappearstobe promising(ref.4). Inreferencek,
theresultsofa studyoftheinviscideffectsofthedifferenceinthe
ratioofspecificheatsforhelim andairhaveindicatedthatthecon-
versionof experWntalforcedataobtainedinhelia to equivalent
da,taobtainedinairmightnotbe overlyccmplex.Thepotentiality,
then,oftheincreaseduseofheliumtestfacilitieshasproducedthe
needfora referenceworkcontainingtheflowpropertiesofheliumand
relatedinformation.

●
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\ s
Thepurposeofthepresentreportisto compilea referencework

forheliumsimilarto thatofreference~ whichisforair.
—

Theform
ofthereport follows, in general, that of reference5; however,deriva- ;*tionsofthevariousfundamentalthermodynamicandcompressible-flowrela-
tionshipsincludedinreference5, whicharealsoapplicableforhelium,
arecmlttedinthepresentworkandonlyperfect-gaseffectsarecon-
sidered.Msximumuseofthetabularformofdatapresentationis~de
inordertopresentthevariousflowquantitiesasaccuratelyaspos-
sible.Figuresareusedtopresentviscosity-temperaturerelations;
mass-flowrates;Reynpldsnumber,Machnuniber,andtemperaturerelations;
andillustrationsoftwo-andthree-dimensionaloblique-shockrelations.
TheMachnumberrangecoveredbythetablesandfiguresisfroml tob.
Alsoincludedisa shortbibliographyof severalsourcesofinformation
pertainingto thecharacteristicsofheliumgas.

A

a

%

%

2

M

‘Re

P

~

R

T

t

v

‘o

SYMBOLS

cross-sectionalareaof streamtubeor channel,sq in. *

speedof

specific

specific

sound,ft/sec

heatat constant

heatat constant

—

pressure,ft2/sec2-% v

volume,ft2/sec2-%

characteristicreferencelength,f%

Machnumber,V/a

Reynoldsnmber, pvz/~

pressure,lb/sqft

dynsmicpressure,$ @f*

gasconstant

absolutetemperature,%

temperature,OF

speedofflow,ft/sec

msximumspeedobtainableby expandingto zeroabsolutepressure
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The

ratioof specificheats,+v

angleofflowdeflectionacrossan oblique-shockwaveor
wedge~le, deg

shock-waveeaglemeasuredfimnupstreamflowdirection,deg

absoluteviscosity,slugs/ft-sec

Machangle,sin-l1M

~andt144eyerangle(anglethroughwhicha supersonicstream
isturnedto expandtiom M = 1 to M>l), deg

massdensity,slugs/cuft

semivertexangleof cone,deg

andsuperscripts:

conditionson surfaceof cone

totalconditions(thatis,conditionsthatwouldexistif
thegaswerebroughtto restisentropically)

conditionjustupstreamof shockwave

conditionjustdownstreamof shockwave

free-streamconditions

criticalconditions(thatis,conditions
isequalto local.speedof sound)

~ FLOWEQUATIONS

wherelocalspeed

fundamentalflowequationsareapplicableforallperfectgases
beengiveninmmy otherpublications(forexample,ref.5);
theyarepresentedhereinforcompleteness.

ContinuousOne-DtiensionalFlow

basicequationsforthecontinuousflovfofan inviscidperfect
gasalonga streamlinearegiveninreference5,alongwithusefulrelat-
ions e~ressingvariousdimensionlessratiosas functionsofa single

*
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parameter.ThesedimensionlessrelationsaregivenbelowwiththeMach
numberusedas theindependentvariable.Ineachcasethesecondform
oftheequationappliesfor 7 = 5/3● 4

Thenotationinbrackets[~ aftertheequationssignifiesthat
.

theequationisvalidonlywithincertainlimitations.Forexample,

[1perf theequationisrestrictedto a gaswhichisboththermally
andcaloricallyperfect —.

[1isen theflowprocessmusttakeplaceisentropically

[-d theonlyrestrictionontheflowprocessisthatitmusttake
placeadiabatically--thatis,withoutheattransfer.

7

q—=
Pt

7-—
P

( )
7-1 ~+M2 -3/2

—= ~+tiM2 =
Pt 2

()
[isen,perF d

( -1 M?)-1/2a—= 1+~
()

= l+ E-1’2
at 2 3

[adiab,per~

7-—

( )

y-l

()

-5/2
~M21+WM2 .~M2.1+$’ [isen,per~

2

(1) “-
a

(3)

(5)

7+1 7+1,.—-—

~=(Z&)-M~+l#M2) 2(’-1)=-$M~+y)-2 &en, perfJ

(6)

*
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Prandtl-MeyerExpansion

A uniformtwo-dimensionalsupersonicstreamflowingovera convex
bendexpandsisentropically.A convenientrelationforthePrandtl-
Meyerangle v throughwhichthestreamturnscanbe foundby consid-
eringthespecialcaseofa streamat a Machnumberof1 flowingaround
a corner.SeethefollowingsketchofthePrandtl-Meyerexpansion:

InitialJ
Machline

M=l
/

f< Final
Streamline Mach

line

/- -

Fora perfectgas,
turnsinexpanding

thePrandtl-Meyerangle v throughwhichthest&am
froma Machntier of1 toa supersonicMachnumberis

(94
As a matterof interestananalyticim.versionofthePrandtl-Meyerequa-
tion(eq.(ga))ispossibleforvaluesof specific-heatratioof 5/3
and5/4;andtheLangleyLaboratoryhasusedtheinvertedequationfor
7 = 5/3in theform
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k)1 .Os,+11/3
taxlp=z

sinv ( ~ 1/3
+ C06v -

sinv )]
(m)

forsometime. Recently,a formalpresentationoftheanalyticinver-
sionofequation(ga)for 7 = 5/3 and 7 = 5/4 byProbstein(ref.6)
hasbecomeavailable.For 7 = 5/3,the invded equationisgivenin
theform

M. 1 + (tan$j213 (9C)

()
2/3

1- tan~

Theusefulnessoftheinvertedequationisreadilyseeninthatit
allowsthelocalMachnumbertobe expressed
oftheturningangle.TheMachangleofthe
course,by therelation

MaIUofthemore

IJ= sin-l-~
M

explicitlyas a function
flow w isgiven,of

(lo)

Normal-Shock-WaveRelations

useftirelationsfornormal-shockwavessrecon-
venient~expressedintermsofupstream
relations,usingMl astheindependent
flowofa perfectfluid:

(7- l)M12+ 2
%2 =

27M12- (7- 1)

P’
g-

~M12 - (7- 1)

7+1

~=
(7+ l)M12

‘1 (7- I)Ml’+ 2

Mach_numberMl. Thefollowing
variable,applytoadiabatic

Ml’+ 3

= 5M12-1

4

4M12
=-
M12+ 3

(u)

(1’)

(13)

(7+ 1)%1’

5M14+ 14M12-3

16M1’

(14)

4

c+

e

●



NACATN 4063 7

(15)

(16)

(Equation(16)islamwnas thesupersonicpitot-tubeequationor
Rayleigh’sformula.)

Thevaluesoftheratiospresentedineqwtions(1)to (16)are
givenintableI fortheMachnumberrange1 to 40 in0.01increments
ofMachnumber.

Oblique-Shock-WaveRelations

An oblique-shockwaveactsas a normalshockto
~cularto it;therefore,thepressureTelationsfor

theflowperpen-
normal-shockwaves

( 4)exceptfortheratioof staticpressureto totalpressurep pt,2

applyto obliqueshocksif Ml and M2 arereplacedby theirnormal
components,Ml sine and ~ sin(e- ?3)as shownbelow:

P’
—=
‘1

27M12sin2e- (7- 1) ~l’sin’e-1

7+1 4

P’ (?’+ l)M12sin2e 4M12sti2e—=
‘1 (T- l).l’sin’e+ 2 = M12sin2e+ 3

‘2 [27M12sin2e- (7- lfl~7 - l)M12sin2e+ ~
—=,

(7+ l)2M12sfi2e‘1

(17)

(18)

(19)
16M12sin2e
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M-fsinq. - 5) =
(7- l)M12sin2e+ 2..

=
27M12sin2e - (7 - 1)

The deviationoftheflow 5 across~ oblique
therelation

NACA

M12sin2e+ 3

5M12sin2e- 1

TNb63

shockisobtainable

1 (=7+1 M12

)(

-ltane=
; M 2~;:e

)

-ltan E
tanS 2 M12sin2e- 1 1 - -1

VISCOSITYRELATIONANDTHERM3DYNA.MK

ViscosityRelation

CONSTANTS

(m)

from

(21)

Theequationforthedeterminationoftheviscosityofheliumwas
takenfromreference7 andisas follows:

v S8.Zi15T0*647X10-4. - (22)

where

v viscosity,lb(Mass)/hr-ft

T absolutetemperature,%

T =t+ 459.69

t temperature,%?

Theheliumviscosityrelation,convertedtounitsof slugsperfoot-
second,isplottedinfigure1 fora rangeoftemperaturefrom10°R
to 1,300°R. Theconvertedequationis

~
0.647X10-9= 7.173T

where

T absolutetemperature,‘%

7 viscosity,slugs/ft-sec

(22a)
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ThermodynamicConstants

k Thevalueoftheratioof specificheatsforheliwnis 7 = 5/3
whenit istreatedas a completelyperfectgas. Valuesof y, Cv>
and R forheliumare

~ = 31,089ft2/sec2-OR

%= 18,651ft2/sec2-%

.

R=

TheReyaoldsnumberis

Y2,438ft2/sec2-%1

moms NuMBm

definedas:
pvz

‘Re‘ ~

Thisparameter
●

throughuseof
tionships.In

canbe putintotheform

‘Re 1.93%X 107
—=
z 1.353Pt

Tt
()

1.147~+ ;2

(23)

thehelimnviscosityequationandotherfundamentalrela-
equation(23) Pt is inpoundspersqme inchabsolute,

thecharacteristiclength2 is ininches,-and Tt isin degrees
Rankine.Thegraphofequation(23)is showninfigure2. It should
be pointedoutthatthecurvesshowninfigure2 arebasedona value
of pt ofunityto facilitatetheiruse.

used
as a

s

.

Thefollowing
to obtainthe

MASS-FLOWRATE

equations,co?ibinedwithequations(2)and(4),are
m–ss-flow-ratePerunitarea

functionofMachnumber,

pflv=

totaitemperature,

Constant= P*A%*

pV alonga stre& tube
andtotalpressure.

(24)
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P–=RT -P (25)

(26) x -

Numericalvaluescanbe obtainedfromfigure3 wherethevariationwith
Wch numberofthemass-flowrateperunitcross-sectionalmea ispre-
sentedfor
persquare

varioustotaltemperaturesanda
inchabsolute.

OBLIQUE-SHOCKCHARACTERISTICSOF

totalpressureof

WEDGESANDCONES

1 pound — —

Theoblique-shockcharacteristicsofwedgesandconesarepresented
in figures4 to 9 andfigures10to15, respectively,forMachnumbers
of12,16,20,and24. Thefiguresforthewedgecharacteristics(figs.4
to 9) showthedependenceof shock-waveangle,Machnumberbehindthe
shock,andpressureratiothroughtheobliqueshockonwedgeangle;
whereastheconefigures(figs.10to 15)showthedependenceof shock-

.

waveangle,limitingvelocityratioalongthesurfaceofthecone,and
conesurfacepressureon conesemivertexangle.Themethodof calcula-
tionusedto obtaintheconical-flowsolutionspresentedinfigures10
to 15 isgivenindetailinreference8.

3
Theequationspresentedin

reference8
weresolved

arereadilyadaptableto
mechanically.

CONCLUDING

automticcmputingprocedureand

REMARKS

Equations,tables,andfiguresforuseintheanalysisofhelium
flowat supersonicandhypersonicflowhavebeenpresented.Thispaper
parallelsNACAReport1135whichwaspreparedforairflow. Thetables
presentthevaluesofusefuldimensionlessratiosforcontinuousone-
dimensionalflowandfornormal-shockwavesas functionsofMachnumber.
Theheliumviscosityrelationasa functionoftemperature,mass-flow
rates,andtheReynoldsnumberasa functionofMachnumberandstagna-
tiontemperatureareplotted.Theoblique-shockcharacteristicsof
wedgesandconesinheliumatMachnumbersofU, 16,20,and24me
presented.Throughoutallthecomputations,heliumis consideredtobe
a perfectgas.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField.Vafl,May1, 1957.
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TABLE1.. VALUESFOR RATIOSOT

M P/rq PI!+ T/Tt A*IA ‘WV(7v/h” I
.6495
:::::.6350.6301.68s3.6a05.6168.6110.6U63

.’7500.7463.7485.736e.7350.7313.7a75.7as8.700o.716>

.71a6.7089.70sa.7014.6977.69.40.6904.6867.6030.6795

.6757.67ao.6684.R648.6611.6575.6539.6604.646a.643a

.0660.0639.a617.es95
:::::.0589.0500.64E6.0464

.4059.4090.4119.4147.,4175.4ao L.42s7.4a5a.4a T6.4300

1.0000.9999
:::;:.9988
:w~
:9955.994>

.5000.S0S7.!I074.5111.5!14e.5184.Sasto.5a56
:::;:

1.000001.0074?1.01409i.oaassi.0a9s51.0s6a01.043991.05113z.058 ai1.06aa4

1.001.011.0a1.031.041.061.061.071.081.09
1.101.111. ia1.131.141.151.161.171.181.19
l.a O1.811.801.a31.841.85;::$
1.881.89
1.301.311.381.3s1.341.351.361.371.301.39
1.401.411.4s1.43i.441.46::::
1.481.49
1.501.61i.sa1.531.64Y..S51.S61.6?1.501.59
1.601.611.6a1.631.641.651.661.671.681.69
1.70L.711.7a1.75
1.741.?51.761.771.’?81.79
1.601.81i.eaL.a31.841.861.861.07Ian1,89
1.901.911.981.931.941.951.961.971:901.99

.4871.4811.4751.4691.463a.4s73.4 .%15.4457

.4399.4343

.4ae6.4a3z4:;;

.4067.4013.3960.390?.3a55.3804

.6 L115.;;::
:9s7s.56*U.5788
:::;:.5646.s599

.a441.0419.a397.0s75.a353.8331.0309.0897.Sa64.aa4a

.naao.ai9a
:::::.8131.8109
::::!.a04a.aoao
.799a.7976.7994.7931.7909.’7a07
:7:::.7uai.7799

:;7::.7?33
:4:;;.7666.7646.76a4.’7603.7581
.7559.7530.7516.7495.747>.74sa.7430.7409.73aa.7367

.43 aa.4344.4365.438s.4404.44a3.4440.4457.4473.4409

.460>.4617.4630.454a.4s54.4565.4s75.4s85.4593.4601

.5361.5196.5430.5464.549a.5S31.556s.5598.5630.5663

1.07a ai1.~79131.00600i.09a ai1.099a61.106a7i.r1a9a1.119511.1a606i.13as6
i.r3a99i.i4b3a1.15171z.xsaoot.za4a3Z. 170411.17654a.iaaaat. 188661.19464
i.aaos~1.ao6451.ziaa9I.aiao?t.aa3eiz.aa 95ai.a35i4l.a 4073i.a46 aa1.*5176
t.a57e41. U6a66t.a6a01z.a 73331.a7e60i.aa363i.a090it.aa4t51.a99a51.30430
1.30931i.3t4a7i.319aoL.3a 406~.3aa921.3537at.35a481.34319i.347a7i.3sasi

.97s9
:;:::.9663.9656.9608.9579.9549.9s19.940s

.569S.57a7.5759.5190.9a ai.sssa.a6a3.5913.s943.597>

.s 733.370a.3668.3603.3654.3506.3458.3412.5>64.3318

.3a7a.s387.5ia3.3i39.3095.30S8.3010.a96a.a9a6.aaa6

.5116.s.07s.SU31.4989.494a.4907
:::::
::;::

.6397.6361.63a6.6891.6a56.6aat.6106.6151.6117.60a>

.604a.6014.59ao.5947.s913.58?9.5a46.6013.s780.s747

.4609.4615.46at.46a7.463a.4636.4639.4648.4644.4646

.9456.9484.9s91
::::;.9aaa.9x5a.9a16.91ao.9143

.6003.60SS.6061.6090.6119
:::!2.6a04.6a31.6859

.aa45.aa05.a766.s7a7.a6a9.a651.a6134:::

.as04

.464?.4648.4647.4647.46464b44:464Z!.463Y.4636.4632

.6aa6.6>13.6340.6367.6393.6419.644S.6471
::::;

@

.a 46a.a 433.a 399.a>65.a 331.aa9a.aa65.az33.aaol.al’70

.43a0.4a83.4246.4az0.4174
;:;:!.4067.403a.3a9a

.5714

.56aa.S649..3617.s. sea.5s53.55a1.5490.s45a.94s7

.46a8.46a3.461S.461>,.4607.4600.4694.4sa6– -.4579.4s71

.a707.a666.@6a4.as aa.a540.a497.a454.8411.8368.s>3.5
m::
73037aea7a6~7a407aa07199717a7157

.a239.aloa.ao’76.ao4a.a019.1990.1961.1933.1906.ta7a

.3396.9565.5>34.s 033.s 75.5a4a.sata.51aa.5153.5sa3

.5093.5064.5035
:::!;.494a.49ao.4092.4063.4a36

.4 S.62.4s53.4544.4s35.4sa6.4515.4504.4493.4408.4471

.6786.6a08.6031
:::::.6a97.6919.6941.:; ::

1.3 S7101.361661.3661a1.370661.576101.379501.3a366L. 388191.s9e4n1.>967>
1.4009st.4osla2.409a7L.41338t. 4174at.4a148t.4as49t.4a94s1.43339
i.437a9

.4469.4447.4435.44aa.4409439643a3436943554341

.i asi.i8as.1799.177S.1?46.17a3.169a.1674.1660.16a6

.3,603.1s00.1s57.1535.1s13.1491.1470

.1449.14a8.1408

7137711670967075
705570367014

::::;

78407796T?sa77077663761tI7574.7sa9.748s.7441

.7005.7026.7046.7067.7067.7107.7197.714’5.7167.7186
.460a
::;::.47a5.4690..4671.4644.461S.4591
.4565
.: ::;
:4487.4461.4436.4410.4305.436o.4335.4310

.6934.6914
:::::
:2:::.6615.6795.6776
.6756

43a743134a904as34a6842s54a364aaa4a074191

.7396
:;:::.7a64.78ao.’7176
:;:::.704S.7001

.7 061.7 *S.7a44.7a63.7asi.7300.73ta.7336.7355.737a

1,4411s1.444991.448791.45,a6s
1.456a91.459991.46366
1.467301.4?0911.47448

.6+37.671a.669a
:::::.6641
::::;.65a4.6S65

.1388.136S.1348.i3a9.1310.ia9a.1Z73.1as5.ia37.aaao

::: ;:.500E..a9a0.a954.z92a.a904;::::
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a.43s a. 293a. 443 a. 307a. 45a a.3a1z. 461 a.33s
a. 469 a. 349a. 47a a. 363a.4a6 r6.377a. 495 ;::~:aisosa.8 ia a. 420a.5a0 :: 9::a.5a.aa. 536 a. 463a. 544 a.47e
a.ssa a. 493a.s60 a.s07a. 560 a.5aea. 576 a.s37a.sa4 a.a5aa. 59a a. 667a.6oo j3.5aa
a. 607 *.597a. 615 a. 61aa.6a3 a.6a7
z. 630 ::?:ga. 630a.64s a. 673:.::g a.6e9a. 704a: 667 a.720a. 674 a.73sa.6ax 2..751a.6e9 Z. 767a. 696 a.7aa
a. 703 *.79a2.110 a.at42.717 a. asoa.7a4 n.a462.730 a. 062
S.-7 a.a7sa. 744 a.a94a.75z a. 911a. 757 a.9a7a. 764 a. 943
a. 770 a. 960a. 777 a. 976z.7a4 a. 9938.790 3.009a. 79* 3.026a.sos 3.043a.so9 3.060a.els 3.076a. aax 3.093a.a aa 3.ZLO
a.a34 ;:;::a. 640a.a46 3.i6’2z. asa 3.179a.ase 3.196a. 064 3.ai3a.a7a 3.231a. 076 3.a4a:.::; s.a663.aa3
a. 093 3.301a. 699 3.319a. 904 >. 337n.910 3.354u. 916 3.37Za.9a1 3.390a.9a7 3.40a2.93a 3.4a6a. 93a 3.444a.943 3.463
a. 940 3.481a. 954 3.499a. 959 3.s18a. 964 3.S363.969 3.554
:.;:: 3.5733.592a:9c5 5.610a.990 3.6a90.995 3.64a

.7a43.7a04.7166;:;::

.70si
;:;;:
.::; :

.6660
:::::.6747.6709.667a.6634.6S97.6560.6SU3
.64a6.6449.641a.6376.6339.6303.6267.6a30.619S.61S9
.61a3
::;::.6017.59 aa.s947::m+~
.3.a43.saoe

.k aas.4794.476S.4737.4700.4600.465L.46a3

.4595.4568

.4s40.461a.44a5.445e

.4451.4404.437a.4331.4sa5.4a99

%*

6.3456.404
::2!:6.5ea6.6416.$106.76 i6.aaa
6.0e3
6.9457.0067.06e7.1307.1937.a567.3197.3aa7.4467.5L0
7.s747.6 aa;:;::
7.a347.9007.966a. 032a. 099a. 166
a.a33e.3uoa. 368:::::
8.s73e. 64a:.;:;
81e5t
a.9a1a. 99a9.0639.1349.a Os9.a779.3499.4a19.4939.566
9.6399.7139.7a79.0619.935

toolzo. oe10.16LO.243.0.31
10.3910.4610. s410.6a10.6910.7710.6510.9311.0111.09
11.16lt. a4lz .3alL .4011.4011. s611.64li .73t~.eztt.a9
11.9’7la.0510.14lz. aalz .30la .39~a.47ia. as10.64la.7a
ia. at~a. e9ta.9e13.0615.15t3. a4i3 .3aL3.4113.6013.59

t

K

a.70a.7ia.7aa.73a.74a.75a.76a.77a.78!6.79
x.ao.a.aiz.eaa.a3a.a4a.asZ.86a.87z.eex.a9
a.90S.91a.9a2.9sa.94a.9sa.968.97a.9sZ.99
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TABLEI.- VALUESFOR RATIOSO?

M , Pln 9/!+ Tfit * * A*IA vfv~ v/#

3.00 .>l as-z .a500 .s.000 .a344
3.01 .30a 6-z :;::!

.s 333 .0660 i.73a0s
.a488 .4988 .a330 .3s11

s.oa .3048-1 .1231 .2475 .4975 .,e317
.a667

.3a .99
1.73349

5.05 .303.0-1 .la*a
.8675

.S 463 .4963
1.7349a

.a303 .3867
3.04

.660*
.Z973-I ::::: .2890 1.73633.3246 .8609 1.73’774

3.05 .a9> 6-1
;;::: ::f:i ._Se?6 .3aa4

3.06 .a900-i .1195 ka4a6 .49a6
.a696 1.73913

.aa63 .3a03 ;:;:;
3.07

1.74059
.ae66-1 .e41.5 .4914 .aaso .3~az

3.06
1.74189

.aa>c--t ::;:: .a403 .a837 .3161 .8716
3.09 .a7e 5-1 .1169 .a 391 ::::: .a8a4 1.743a6.3140 .a793 1.74461
3.10 .8761-1 .a 379 .4a78 .aail
>.11 .a7a 7-i :;:::

.6730
.a 367 .::::

1.74596
.a19a :;:;:

5.12
.0736

.a 694-1 .a 356 ;:;;;
1.7+7s9

;:;: ::;:: :4n4’a
.3078 1.74663

.a66 t-l .a344 .305a
w::

.a6a9-i ::::; .a160 1.74994
5.1s .a 597-l

.6756
:;;?; :::?: .2147

i.7sza4
:::?: ,6763

>.16 .as65-l .1110 .a3io .213s 1.7ss54.*998 .8769
3.17 .a634-1 .;:; : .aa99

1.7 S36a
::!:2 .81 aa .a979 .0776

5.16 .a .804-1 .aaae .4703
1.75610

:1086
.ali O .*959

3.la .a 474-l
.m70a

.aa77 .477a
1.75637.ao90 .S940 .8708 1.7 S763

s.ao .2444 .-1 .10-79 .ZZ66 .4760 .aoa~ a9a1 .a 794
S.az .a 415-1 .la71 .aa5s .4749 .g 073

1.75508:*qoa .0801
3.a8 .a3a 6-l .1(I63 .Z844 .473?

1.760te
.S 061

s.as .a 357-l .ae33
.aaas

;:$;: .%049 .a807 1.7613S
3.a4 :::::

.aa64 .aels
.a3a 9-1 .aa83

1.76ase.a 037
3.s5 .a301-i .1040

.aa4s .aez9 1.76379
.aa ia .4703 .aoas .aan7

3.a6
.8aa5

.2274-1 .2201 .469a .a0i4
1.76S00

3.a7 :;:;: .a809 .S831
.S847-1

1.76619
.9.191 .4681 d;;: .z?90

3. aa .aaa o-i .101U
.6637

.eleo .:;~: 1.76730.8a43
3..a9 .ai94-z .lU II .ai70 :::;: .1979

1.76656.8849 1. T6973
3.30 .8168-1 .1U04 .8160
3.31 .a* 48-1

.4647 .1967 .*737
.9966-1 .a150 .1956

.8854 1.77090
.2.719 .8860

3.3a .at 17-z .a139 ::{;: .1945
1.77a06.a70a

:::: .ao98-t ::::::: .ala9
.0866 1.77320

.1935 .a6a4
:4604

.8a7a
.ao60-l .att9 .19aa

1.77434.x 667
3.35 .ao43-1 ::::::: .at09 .4593 .1911

.8877 1.77S47.88a3
3.36 .aaa o-i .a 099

1.? 7669::::!!
:;:::::

.1900
3’.37 .1996-1 .ao~o :t::?

.e8a9.1ea9 1.77770.2616
3.3s .1973-1 .aoao

.8894 1.77861
.1a7a .2!599 .0900

3.39 .19 S0-1
:;::::; .ao?o

1.77991
:::~: .1867 .a683 .890S 1.78100

3.40 .ta27-i .9553-1 .ao60 .4539 .1856 .a566
3.41

.8910
.1906-1 .9an 8-i .aosi .4sa9 .1846

1.78208
3.42

1.78316
.laa 3-1 .ao4i .45za, ::::: :::::

;::: .1861-1 ::?:::: .a03a
.ia35 1.764a3

.450a
.1039-1

.18a4 .#517 .89a6
. aoaa .4497

1.785a9
3.46 .1810-1 :;:;::;

.1814 .as O1 .8932
.aols .4407 .1 LF03

1.78634.#486
3.46 .1797-1 .H970-1 . ZO04 .44?6

.8937 1.78739
.1793

3.47 .1777-1
.a470’ .894Z

.8908-1 .1995
3.48

.4466 .1703 .#454 1.7a 843
.1756-1 .0846-1 .i9a5 .4456 .1773

.6947
.a439 1.76946

3.49
.695S

.1736-1 .0786-1 .1976 .4446 .176a
1.79049.a4a3 .6958 1.791s1

3.S0 .1716-1 .1967 .4435
;::: :-i

.t75a .a 400 .8963
3.s1 .1697-1 .1968 .44a5 .174a

1.79852.as93
3.5a

.096a
.t676~l .5!606-1 .1949 .4415 .173a

t.793sa.8370 .a97s
3.53 .1659-1 .8547-1 .1940 .4405

1.7945*
.17za .2363

3.54
.8978 1.79551

.1640-1 .04d 9-1 .193a .4395 .i7 ia .2340 .a9a
3.56 .lsa l-t .84>1-1 .19a3 .4385 .1703 $ 1.79649.2333 .890
3.56 .1603-1 .03’74-1 .19!.4 .4375 .1693 .a 319 1.79747.a99a
3%3.7 .15s 6-1 .a 317-1 .1905 .4366

1.79a44.16a3 .4>04
3.68 .x 567-z .6861-1 .1097

.8997 1.7v940
.4355

3.59
.1673 .aa90 .900a

.L549-1 .8205-1 .iaaa .434s
1.80056.1664 .aa7s .9007 1. S0131

:.:: .t53a-z .0150-1 .16.90 4336 .1654 .aa61 .9011 t.a Oza.3
.1,515-1 .ao 95-i .1071 :43a6 .1645

3:61 .1498-1
.an47 .9016, 1.80319

.au 40-1 .:::: .4316 .1636 .aa33 .9021
3.63 .1481-1 .7906-1 ;::;: .16a6

1.8041*
:1a46

8819 .900S
3.64 .146 S-1 .’7933-1 .1617 1.80505:4206
3.6a .1440-1 .7880-1

.9030
.1038 .1608

1.80597
>.66 .143a-1 .1830 :::;:

::;;: .9034 2.80688
:7!::-?

1699
3.67 .1416-1

.9039 1.80779
.18 aa

3.68 .140 L-1 .1014
:1590 .9043

:::::
1.ao869

3.69 ,1385-1 :;z:i:i
.1s01 ::::: .9046

.1805 .4a49 .167a
1.809S6

.a 138 .905a 1.81047
3.70 .1370-1 .76a1-1 .1797 .1663 .azas
3.71 .13 S5-1 7570-1

.90s7 1.8113S
;::::

3.72 ..1> 40-1 :7520-1
A;’: .1654 .;; ;: .9061 1.alsm3

.4 aax
3.73 .i3a5-i

.13.4s .9066
.1774 .4 ata

1.81310
3.74 .1312-1

:9086:;:;::; .L536 .9070
.1766 .16ae

1.81397
3.75 .1z96-I

.ao74 .9074 1.81483
.L75a ::::?

>.76 :7;;::;
.1619 .a136t .9078 1.a1S68

.ta Oa-1 .41a4 .1511 .a04ti .90a3
3.77 .1a68-l

1. S16S3
.? Z76-I :;::; .4175

3.78
.i50a .90s7

.1254-1 .7229-1 .17s5 .1494 1.8173?:::::
3.79 ::?::

.909i l.sisal
.1a4 ~-i .,7181-1 .17ae ,1485 ..aotl .9095 1.81904

3.00 .laa 7-~ .7134-1 .t7ao .4148
3.at .La14-i

.1477 .9099 1.819S1
3.6a .Iao l-l

:;;:?
::: ::-;

.1469 .9103J::: ::;:: .1460
1.8*069

3.83 .tia~-t .1698
.1975 .9100 1.8 E1S1.;; ::

3.04 .117 S-1 ::: :;-: .9119
.16V1 ::;;: :if::

i.8aa3a
s.a5

.9116 1.8a3 ia
.116 a-1 .6906-1 .1883 .4103

3.a6 .1150-1
.1436 :1939 .91*O

.6 S61-1 .16?6 .4U94 .i4aa
1.aas98

3.87 .1130-1
.19a8

.1669
::::: i.8a47a

s. aa .ila s-x ::::::; .166a .i4a0::$:: .141= l.aassl
S.S9

::::: .9131
.1113-L .6730-1

1.aa6a9
.1655 .4060 .1404 .189S .9135 1.08707

3.90 .1102-1 .164?
;:?::::

.4059
3.91

.1396 .;::; .9139
.1090-1 .1640 .1389

i.aa78a.9 X43
3. 9a .1078-1 .6c.0*-I .1633 ::;:: .i3 ai :18S9

1.8a86a
3.93 .1067-1 .65 S9-1 .16a6 .$::: .137>

1. SS938.184a ::;::
3.94 .6518-1 .16ao

1.83014
3.95 :;:::::

.1366
.1613 :4016

.91s4 1.83090
3.96

.13s0 ;::::a:g:; .9158
.1033-1 .1606

1.s316s
3.97

.t 350 .1815 .916a
.1023-1 .1599 ::;;:

t.a3a39
3..90 .~ola-~ ::;:::; .1592

.1s43 1.83313;;:;: ;:;::
3.99 .1001-1 .6> 14-1 .1S84 :;;:: .1336.i~aa

1.83387.i7a3 .9173 1. S3460

●

.
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FUNDAMENTALFLOW EQUATIONS

u I v % I *I* I ‘w% RJq%7.1 M/h ‘t ~

19.4719 .4019.3419.2719. aO19.1419.07y~
18. aa
la. aala .76la .6918.63
la. s718.51ia .45ia .3918.33za. a7
is. al
ia. isia .09ta. os17.9817.9a17. a6
17.6117.7s17.70
17.6417. sa17.53i7 .4ai7 .4a17.3’717.3117. a6i7. aa
17.16
17.1017.0517.0016.9516.9016.0516. ao16.7St6 .7016.6s
16.60t6.5S16.60;:.:;
16:3616.3116.27f6. aa16.17
16.1316. Oe16.04la .991s.9s13..9015.8615.6116.7715.7Z
Ls .6a15..6415.59
16.5515. S1ls. .47
;:.:;
1s:3415-30
15.2615.22ls .1815.1415.0915.05Ls.ol14.90
14.9414.90
14 .9.6t4. aa14.7014.7414.701*.6614.6314.89
14-8514. S1

30.94aS9.077
:;::::
39.47839.61039.74a;:::;;
40.133
40. a6s
40. S9140.51940.64740.77440.90041.0264t .13a41. s7641.400
41;5a441.64741.7’7041.8914a.0i3::.;;:
4a13744a.4q34a.61z
4a.7S04a .84114a .96543.0814s. i9a43.31343.42043.54343.65743.770
43. a6443.99644.10844. a2044.33144.44a44. s5a44.66144.77144. a79
44.98s45.0964s. ao>4s .31045.41645. saa4S.6a745.73245. a374S.941
46.04546.14a46. a5146.35346.45546.55746.65a46.75046.85846.96a
47.05847.15747. a55
47.35347.45147.54847.64S47.74a47. a5a47.933
4a.0a940. ia448. ai848. sla4a .40646.49948.59a4a.6as48.7774a .069
40.96049.05149. t4a49. a3a49.3aa49.41a49.50149. S90:::,:::

I
.5aaa.s ala.5’213.saoa.5a04.s199.5i96.5L90.S1S6.5181
.s 177.6173.S168.S164.SZ60.61S6.5152.s148.S 144.6140

::*::.5128.61a4.51a0.6116:::::
.5105.5101

:::;:.S091.5087.soas.soao.ao77.5073.S070.5066
.5063.a 060.5o56.6053.S 050.5047.s04s.s040.5037.5034
.5031.soaa.soas.Soua.S019.5016.501S.5010.S 007.b004
.sooa
:f; :?i
.4993.4990.49ea.4985.498a.49a0.4977

::;:;.4944.494a.4940.4937
::;;:.;; ::

.49a6.49a4.49a1.4919
::;;:.:; ::
:4900.. 4906

11.00
11.0811. L511. as11.3011.3011.4611.5311. .$111.6Q
11. ’5611.34zi .9ala. oota.07za. ~a;::;;
la,.59ta .47
10.55la .63la .71la. ?9la. a7la .9613.03i3. zax3. aOis. au
13.313.4 213.5s13.6113.6913.7s13.8613.9514.0s14. lm
x4. ao14.2914.3714.4614.5414.63
14.7114.0014.0914.98
16.0615.2616. a415.3315.4115.5015.5915.6s15.1716. a6
15.96ib .04lb. lsib. ae16.31
16.4016.4916.59L6.66
la .77
16. a616.9617.0.5
17.1417.8317.3317.4axr. saZ7.6117. ?1
17.8017.9017.99lE .09Ln. leie. aa18.37ta .4718.57la .67
18.76la .66LE.9619.0619.1519.05.19.3s19.4519.5519.65

S. 000 3.667
3.005 3.666
3.010 3.7053..015 3.734s.oao 3; 7433.0a5 3.76a
3.0a9 3.7al3.034 3.S003.039 s.aao3.044 3.639
3.0403.03.33.05a3.06Z
3.067;. :.:
310ao3.oa53.009
3.0943.09a3.20a3.107;.::;
3:1193.ia43.1s6S.lsa
1.1363.1403.1443.1463.1523.1563.1603.1643 .16a3.17’4
3.1763.1S0;:;::
3.1913.i953.1983.a Oa3.a063.a09
3.a133.1173.aa O3.aa43.aa73.a313.2343.a3a3.a4i3.a45
3.*483.a523.2553.a583. B6i33.a6s3.86a3.a7t3.a753.a7e
s.a.913.aa43.aa73.a903.a94;.;:;
3:3033.3063.309
3.31a3-31s3-31e3.3a13.3a43.3a73.330s. 33a3.3353.338
3-3413.3443-3473.3493.35a5.3553.356;:;:;
3.366

3.0593.0783.6983.917
3.9373.9375.9773.9974.0174.037
4.0574.0774.0974.1174.1384.1504.1784.2994. asO4.a40
4.a614.aaa4.3oa4.3a34.3444.36S4.3a64.4oa4.4a94.450
4.4714.4934.s144.5364.5574.5794.6004.6 aa4.6444.666
4.6684.7104.73a4.7544.7764.7904.a2i:: :5:
4.ae8
4.9114.9334.9564.9795.00L5.0245.0475.0705.093S. 116
S. 1395.1633.1a6
5.a095.s335.0565.a805.3035.3a75.351
5.3755.39ns.4aa5.4465.4705.4945.5196.6435.56?5.591
S. 616S,.6405.66S5.6895.714:.;::
6~7a05.az35.03a

d:;;
.a4ea.a46a.2!454.a440
:5:?2.a399.a3a6

1S.67 3.0013.7s 3.01
i3. a5 3.0a13.94 ;.::
14.03t4. ia 3:05t4. al” 3.06;::;; .3 .073.0S
i4 .4a 3.09
14.57 ;:?:.14.6614.78 3.1a14.84 5.L314.9s 3.1413.0S 3.LS15. Y.Z 3.16$:.;: 3.17
15:40 3.103.19
15.49 s.ao15.59 Sal15.68 3. aa15.78 3.03i5. a7 3.a415.97 3.a516.06 3.=616.16 3.a7Ib. as . 3. aa16.35 3.a9
16.4.5 3.3016.54 3.3116.64 ;:::16.7416.64 3.s416.94 3.3sL7.03 ;.::-17.1317. a3 3:3817.33 3.39
17.43, 3.4017.53 3.4117.63 3.4217.73 ;::~L’7.a317.93 3.48za.os 3.46la. i4 ;.::16. a410.34 3:49
18.4a 3.S0L8.65 3.51la .65 3.5aia .75 3.5313..66 3.54la .96 3.8519.0? 3.6619.17 3.s7i9. a7 3.s819.38 3.59
19.49 3.6019.59 3.6119. ?0 3.6a19. aO 3.6319.91 3.64ao. oa 3.65ao. ls ::::ao. a3ao .34 3.66ao .45 3.69
aO. s6 3.70ao. s~ 5.71aO.7a 3.7aZO.86 3.73aO.99 3.74ai. ao 3.75al. al 3.7621.3s 3.77131.44 3.7aai. s5 3.79
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TABLS1.- VALUE8FOR RAT1080?

n P4 P/P~ T/Tt u+ * A*IA v/v~ v/&”

4.00 .9906-8 .6874-1 .15794.01 .3974.9803-2 .13az,.157S .1773.3965 .9%7? 1.8ss33
4.Oa ::::::? .1314 .176a .S160.9700?8 .1566 .3957 .1306 1.8360S
4.03 .9599 a .1659 .175a.3949 .9184 1.8 S677
4.04 .9499-s ::::::; .1553 .1av9.3940 .174a.aa9a. .9 07.1731 1 1.6 S748
4.06 .940i-a .9 91.60a0-l .1S46 .393a .1a85 1. S3819.i7 aa4.06 .9303-a .6048-1 .1540 .39a4 .za?a .9194 1.03ac.9
4.0? .9a 07-.9 .9i9a.6004-1 .1S33 .3916 .2a7s 1. B39S9
4.08 .9118-8 .596 T-i .15Z7

d:;;
.3908 .9,S01.1a64 i.a40a9

4.09.., .1691.9010-a .S930-1 .15a1 .3900 .9a05.1Z57 1.84098.1681 .9008 1.04L67
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3.s745.0743.6743.s7s3.6753.8753.8763.8763.8763.876

a9. Oaa9 .14S9.19a9. asa9.3i29.37a9 .43a9 .49a9 .5529.61

{

29.67a9 .73a9 .79a9. a5a9 .91a9.930.033a .0930.1530. aa

.2397-1a390-1:23s2-1.?37s-1.d 568-1.2361-1.a3s.4-1.a 346-l.2341-1.2334-1

133.0%s3.s!-33.6
133. B134.1134.4134.7i35.013s.2%35..5
lss. a
136.1i36. &136.7136.9t37. a137.5is7. sx3a.1i3a.4

7a .495 .4 .54a 117.4 3.076 so. ae .a3a7-1 138.6
7a. s13 .4s4a tlT.6 3.877 30-34 13a.9
7a .5.3a .4547 117.8 3.877 ;: .:0 ~:;:;:; ls9-a
;;:;:; .4s47 118.1 3.877

.4547
a306-1 1s9.5

tia.~ ;.:;; 30:52 :8300-1 139.8
7a.5a3 .4547 118.6 30.5s .~a 93-1 140.1
7a.6oo .4547 12u. a 3:876

.4547
;: .$4 .d8a 6-1 140.4

7a.61e 119.1 3.876 .aa .30-1 140.6
72.63S .4S46 119.3 3.n7a 30:76 %40.9
7a .65a .4546 13.9.6 3.a79 30. aa ::::::: t41. a
72.670 .4646 119.8 3.a79 30. a9 aa60-1 Z4L. S
7a.6a7 .4546 Iao. a 3.879 10.9S :aa 51-1 z41. e
7a .704 .4546 lao.3 3.079 31.01 .2a 47-1 14a.i
7a.7as .4646 laO.5
7a .73a

3.0s9 SI .07 J:;::i
.4646 ~20. a

14n. d
3.8ao 11.15

7z .756 .4645 Iax.o
~::. ;

3.6ao 31.1 .aa27-t
7a .773 .4s45 lat. s 3.080 S1. a .da al-l 143:2
7Z.790 .4545 tats 3.800 31.3a .aa14-1 143.5
7a .807 .4s45 lal. a 3.aaz 31.3a .2208-1 243a
7a. ea4 .4545 iaa. o 3.asl 31.44 .aa Oa-L 144.1
7a.84t .4545 zaa.3 ;:::; 31.5 144.4
7a .85a ta2.5 3!..5
7a.67d

144.7
::::: laa. a 3.a8a 31.6 145.0

7a .891 .4644 1a3.0 3.680 31.6 145.3
7a .900 .4644 1a3.3 3.a8a 31.7 145.6
7a.9a6 .4544 1a3.5 s.a aa 31.6 145.9
7a .94a .4s44 1a 3.8 3.ae3 31.3. 146.2
:::;:: .4544 ia4..a 3-a83

.4544
31.9 146.4

;:::: 5.803 Sz. a 146.7
7a .992 ..4541 3.8a3 147.0

M

9.009.019.0a9.039.049.059.069.079.089.09
9.109.<19.129.1s9.149.1S9.169.179.189.19
9.a O
9.219.a89.a39.249.a59.a69.a79. aa9.a9
9.309.319.3a9.s39.349.359.369.379.5a9.39
9.409.41
9.4a9.439.449.469.469.479.489.49
9.509.519.5a9.539.549.559.S69.579.569.59
e.609.619.6a9.659.649.65::%:
9.609.69
9.709.719.7a9.739.749.759.789.779.789. ’79
9.809.819.8a9.8s9.849.a59.a69.a79.8a9.89
9.905!.91e.9a;.::
9:959.969.979.s69.99
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TABLEI.- VALUESFOR RATIOSOF

.

M

,0.00,0.01,0.02,0.03,0.04.0 .05,0.06,0.0’7.0 .08.0 .09
.0 .10,0.11,0. la,0.15.0 .14,0.15.0 .16.0 .17.0 .16.0 .19
.0 .80.0 .21.O. aaL::g:
[0. asLO.2610.2710.2810.89
Lo.so10. S1LO.3aLO.33LO.3410. ss10.3610.37LO.3810.39
10.4010.4110.4a10.4310.4410.4510.46LO.47LO.4810.49
10.5010.8110.5210.6310. B410.6S10.5610.6710.6610. s.9
10.6010.6110.6810.6310.6410.6510.6619.6710.6810.69
10.7010.71lo .7a10.73LO.7410.7510.7610.7710.7810.79
10.80lo. allo. az10.0310.84Lo. as10. E610. E710. s810.89
10.9010.9110.9810.9310.9410.95:::;:
10.9810.99

1440-31441-S1434-3i4a 7-324ao-31413-31406-31.400-3
31 93-31 66-3

1360-31373-313s 6-3
1360-313S3-31347-s1340-31334-31328-31381-3
1315-3L309-3
1303-31a96-S1290-312.84-3127a-3n7 a-3
1a66-312.60-3
ia54-31248-5
~a42-31237-3
1231-3~aa 5-312t9-31213-3.tao a-3,Iao a-s

,1197-3
,1191-3,lia 5-s,1180-3,1174-3,1169-31164-3
,iisa-~.115>-5,1147-3
114Z-3:1137-3.1132-3.11a 6-3

.1121-3.lit 6-3.LLI 1-3.1106-5

.1101-3.1096-S

.1091-3.x086-S

.1001-3.1076-3.1071-3.1066-3.I.061-3,105’67S

.1051-3.1047-3

.lo4m-3.lOs 7-3.I03Z-3.1080-3.10a 3-3.~O1a-3.1 OZ4-3.1009-3

.1005;3.tOa o-3
9967-4:99 L2-4.9867-4.9aa 3-49779-’4:9?s 5-4.9691-4.9640-4.9605-4.956 a-4

.9519-4
9477-4:94s 4-4.939 a-4.9351-4.9309-4.9a6 a-4

.9aa6-4.9186-4.9145-A

.40a0-a.4u69-Z.4068-a.4047-a
::: i:-:.4u 14-a
:::%::.’3981-t

T/Tt

.S913-1.17907-1.8901-1.Z9.96-L.aa90-z.a8e 5-i.2879-1.28? 3-1

.a868:t.a86 a-1

. a857-i.aes i-i.a046-1.a840-i.a635-1.28s 0-1.80a 4-t.ae19-.ae.1,3-i,ae.ue-1

.aa 03-1.a797-z.a79 a-a.a7e 7-1.a7a i-i
::$: ;::.a766-l.a760-1.a7s. 5-i

::::::?.a 740-i.a735-i.a7a 9-l.a784-t.a7t 9-t.a714-1.2709-1.a 704-1
.2699-1.a 694-l.,2669-1.2664-1.a679.-1.8674-L.*669-1.8664-1.a609-l.a6s 4-l
.8649-1.a644-l.2639-1.a634-1
::!::::.86a0-1.a61 s-i.a610-l.2605-1

t.8 01-1.a 96-1.a59 i-r.as 86-i.a588-1.a577-1.257 a-t,a 567-1.a 563-x.2556-1
.a 553-l.a 549-l.a644-l.~540-l.a53 s-1.as 30-l.35u 6-1.a5a t-l.a 517->.a5ta-l
.a 50a-1.850 >-1.a 49a-1.8494-1.8490-1.240 S-1.a 461-l.a476-1.a 47a-l.2467-1
.a46 s-1a4s s-1:a4!34-1.a450-i.244 s-1.8441-1.a 437-].2432-1.24 as-3.a4a 4-l

*

m::
.1703.170S.1700.1698
:;:;:.1693.16aa

.1907-1.ia 03-1.iaoo-i1z96-1;1L93-1.1109-1.1186-1.izn >-l.L1T9-1.1176-1

.1140-1.1137-1.1134-X.1131-1.1127-1.1184-1.1121-1.1118-1.1113-1.1118-1

.1109-1.1106-1.110 s-1.1100-1.1097-1.1093-1.1090-1.1007-1.10 B4-1.1 OB1-1

.1078-1.1076-1.1073-1.1070-1.1067-1.1064-1.1061-1.1066-1.1055-1.lOsa-1

.1049-1.1046-1.1044-1.1041-1.ios a-i.1036-1.lOs 8-1.1030-1.10a 7-1.iOa 4-i

.ioa i-i.1018-1.1016-1.1013-1.1010-1..1007-1.1005-1.1 00Z-1.9994-a.9967-a

.9940 -.9913 -.9e07-.9860 -.9s>4-.9800 -.97sa -.9766 -.9?30-.9704 -

.9678-a.9652-z.9687-;.9601-z.9 L176-$.96 S0-C.9s85-s.9 S00-1.9475-1.9450-<

.9485.9400.9375.9350.93a6.9301:;:g:

.9as8.9B04

-1-i-1-1,-;
-t-i-i,-
-;

An/A

.146 S-1
:;::;::.146s-1.1449-1.1445-t.1441-1.1437-1.143a-1.1428-1

.130.130.137.137.136
:?;2.1>s.1>5.135

-1-1-1-1-1

-1,- i,-1
,-
-;-1,-
-?,-,-+,-4,-1

.1347-1.134 S-1.1339-1
:;;;::;.1328-1.13a 4-1.isai-z.1317-1.1314-1
.1310-1.1306-1.1303-1.1899-1
:W;
:ls? 85-%.zaei-a.1278-1
.1 Z74-1.ia7i-z.1867-1.1 S64-1.IZ61-2.xa57-i
:::::::.ia 47-l.1a 44-1
.1.1.2.1.1.1.1.1.1.1
.1201-1.1404-1.Izol-l.li 9a-l.1194-1.1191-1.1188-1.118s-1.1180-1.1179-1

,-
1-;,-,

Wvo

.98s3.98a4;;:::

.aaa4.96S5
:;;::
.96S6
.9056.9856.90s7.9s57.9057.9050.9a5a.90s0M::

.9059.9 C169.9059.9860.9860.9860.9060.9661.9861.9861

.9668
:;:”::
:;:!!
:;:~:.9661.9864.9864
.9864
:;::2
:;W:
:9666
:::::.9666
.9667
:;:.::
:;:::.9a60.9a68
:::2:.9669

:;::3.9670:;:;:
.9870
:::::.9871.9a7x
.907s.987a.9872.9872.967B:;:;;
.90’33.957s.9s74
.9a74.9074.9874.9076.9a73.
:;:;:.9s75.9076.9076
.9076.9676
:::;:
:;:::.9877.9a78.9076.9870

1.970661.9707sL.970771.970831.970091.970941.971001.97106i.97ttt1.97117
i.9,7i .9a1.9?i Z?81.971341.971391.971451.971S01.971661.97%611.9716?1.97172
1.97i771.97163i.97ia81.97%941.97%991.97904i.97ai01.9781S1.9’72B01.97~S6
1.97SS11.979361.97a4i1.97s47i.97asa1.97*57t.97a6a1.97a671.97* ’79i.97a78
1.97aa31.97aa61.979932.979901.973031.97s001.973131.97318a.975a32.97sa0
1.97s331.973361.973431.973481.973s31.973581.97’3632.973681.97’3731.9?377
1.9?>8a1.973871.973921.9’73971.9 T40U1.974061.974111.97416;::;:~:

1.974301.9743s1.974391.974441.974491.974531.974S61.974631.,974671.97472
1.974771.974811.974661.974901.9?49s1.974991.976041.97508x.975L31.97s17
i.97sea1.97626
1.97S31L.975351.975401.97s441.97546i.97a5s

a

.-

.
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FUNDAMENTALFLOWEQU$TI055S

v ==I== %/% T*I Ct,ah.1 $’i,apl
1 I

w u

+ aas084
884aa48848058858050a5ee6

A:::
.4543.4s43.4s43:::::

:::::.454a
.4542.454a,4s42.4541.4541.4s41.4541
:::;;

::::;4S40:4s40
:::::::g::
,4s39.4539
,4539.4539:::;:

::~::.4S36.4538,4538.4536
.4638.4538.453a.4538.4537.4537.4s37.4637.43.37.45.37
.4537.4557A::;
.4536:::::
.4536:::;:

.4635.4535.4535.45s5.4535.4s35.4535
:::::

.4534.4534.4 .334
:::;:
.4534.45s4.4534.4533.45s3

:::??.4533.4533.4533.4ss3.4s33.453a.453a.453a

104. eias. oia5.3125.5zas. ata6. o1a6.3taai. sxaii.
ia7. z
ta’r.31s7.51a7.8la .0tla .3zaa. szas. a1a9. o
za9,.3129.5

3S.1S32.193a. a5sa. szsa .373a .443S.503a .5632.633a .69

147.3147.6147.914a. a145. S148.5149.1149.4149.7150.0
150.31s0.6150.915t. a151. s1s1.515a.1lsa.4
isa.7253.0
153.3lS 3.6ls 3.9154.2154. s154.2;: :.:
155:71S6.0
156.31s6.61S6.9157a1S7.51S7.81S5.1156.415a.7159.0
1s9.31S9.61s9.9160. *1s0.6lso. a161.2161. S161.51s2.1
162.4162.7163.0163.3163. Sls 3.9164.2164.6164.9165. %
16s. S165.816S.1166.4166.7167.0L6T. 4
167.7166.0160.3
Iba. b168.9
169. a169.6169.9170. ~17a.5170a;:; .:

t71. a17a.1t7a.417a.7173.0113.4173.7174.0174.3
174.6
175.017s.3175.6175.91T6. U17s.6176.9177.$?177.5177.9

10.0010.01
lo. oa10.0310.0410.0s10.0610.0710.0810.09

S. 7396.7335.7 aa5.7ea5.7165.7z15.70sS.699S. 6935.6aa

73.00873.0a673.04173. Osa73. ”07473.09173.10773.1a4
?;::::

a56826
3.886s.aa63.6a73.aa73.8a73.857
3.aa73.aaa

3a.7’ssa. si32. s03s .9433.0033.0733.1333.19
;:.;:

33.3933.4533. s133. S233.6433.7133.7733.5333.9033.96

10. LO10.11ia. ta10.1310.1410.1510.1610.27
10.1s10.19

5.6aa5.677S.6’7t5.66SS. 6605.6S45.64a5.643S. 637S.63S

73.17373.16973. ao573. a2173. a3573.25473. a70
73. a667s.3cba73. s1s
73:33473.3507S. S6673.3aa;:::;:
‘73.4a9;:::::
73.477

ia9. a130.1130.3130.6130. S131.1L31.3131.6i3i. alsa. i

3.0653.a883.0s83.2S93.aa9
3.aa93.0s93.8s93.S903.a90
3.a903.a903.0903.s913.8913.a913.a9z3.8913.5923.59a
3.59a3.s923.sa23.a9s3.a933.8933.693s.a933.8943.694
3.a943.0943.m943.a953.e953.09s3.a953.0953.0963.096
3.596>. 0963.6963.a9?3.a 9.73.a973.0973-0973.8973.a9a
3.a9a3.0983.a983.a9a3.a993.0993.5993.5993.8993.900
3.9003.9003.90o3.9003.9003.9013.9013.9013.9013.901
3.9013.90Z3.90Z3.9oa3.9aa3.9oa3.9033.90s3.9033.903

Lo. aozo. allo. a210.23iO. a410. a610. astO. a7to. ae10. n9

s.6a6S. 621
5.6155.6105.6045.s996.5935.s55;::::

i3a.413a.6isa.9133.1133.4133.7133.9134.2134.4134.7

5.s715.S665.S6LS.55S5.s50S.S44a.s59S.S345.6285.ss3

73.49a73. S08;;::;;
73. s5s7S.57073.5a673.60173.6177S.63’2

34.0334.0*34.1S34. a234. aa34.3534.4134.4a34.5434.61

10.3010.31iO .3a10.3310.3410. S53.0.3610.3710.3a10.39.

5.5tas. 51aS.S075.S085.4976.491S.486a.4a~6.4755.470

73.64073.66373.67973.69473.70973.7a473.74073.75s73.77073.785

13s.0rs5. a155.51s5.7136.0136.3136. s136.812.7.0137.3 IS4.6734.74S4.8034. a734.93
:; .:0
3S:1335. S035. a6

10.4010.41tO .4a10.4310.4410.4510.4610.4710.4610.49
.

137.6137.613n-i13B.4lSS..6138.9139.1139.4139.7139.9

35.3

1

3s .393s.4s35.6a35.693S.635.7a36.793S.2S3s .9a

:; :::-;.1a 44-11839-1:1834-1.zaa9-1.zaa 4-i.za 20-1.xat s-i.1810-1

10. s010.51io. sa10. ss10. S410.5S10. S610.5710.5810.59

5.46S5.4605.45s5.4495.444a. 439S. 434s..4r398.4a45.418

7s. aoO73. ai673.83073. a4573. a6073. a7s?s. aso73.90573.92073.935
S.413S. 408S.4036.s9a::.::
::::;
5.3735.36S

73.95073.96573.96073.99474. o0974.02474.03274.05374.06874.082

140a140.5140.7141.0141.3141.5141.814a. t142.31.4a.6 I;: .:9
36:1a36. L636. a536.5a36.3836.436.536. S

10.6010.6110.6210.63113.6410. s510.6610.6710.6e10.69
S. 3635.ssa:::::
S. 343s.ssaS.3S35.3aas.3a3s.3 ia

74.09774.21a74.12674.14174.1s674.16974.18474.19s74. *L374. aa7

142.9143.3.143.4143.7143.9144.2144.5L44.7L45.O145.3

36.6536.7236.7936.8536.9836.9?37.0537.1257.1937. a6
37.337-337.437.537. s37.637.737. s037. s737.93
38.0038.0732.1432.213a .273a .343a.43a.43a.5sac

1.17s7-1.175’2-1
w:;
17S3-1

:s7a9-t.x7a4-2.;; :;-1.-

10.7010.7110.7210.7310.7410.7610.7610.7710.7810.79
14S.6145.5146.1146.4146.6146.5147a147.4147.714U.O

S. 313S. soa5.303s.a985.a93s.a. aaSass5. ’a7a5.a745.269

74.84174. a5674. a7a74. aa474. a9674.31374.3s774.34174.35574.369

zo. aoio. ai10.6Uzo. as10.6410.05lo. a6xO.a710. aa10. a9
10.9010.9110.9U10. Y310.9410.9a10.9610. Y710.9a10.99

5.2645.2595.2545.a495.a4s5.S405.a3ss.a30s.2a55.a ai

74.3a374.39774.41174.4a E74.43974.45374.46774.4ai74.49574.509

.45ss.4s3a.4s3a.453a.4532.4532.4531:::;:
. .4531

142.314U.5t4a. a149.1149.4149.6r49.9150a150.515a.7
I
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TABLEI.- VALUESFOE EATIOSOr

n $i~ 9/fi q * * A*IA vlv~ v/a*

11.00 .9104-4 .3763-1 .S 419-1 .1555
11.01 .9064-4

.9 fn0-a.>? 53-m .114 s-1 .987e.a 415-1 .1s54 1.97S66.91 S6-2 .; ;:;:; .9879
11.02 .90a 4-4 .3743 -,2 .a411-1 .1.55> .9i 3a-a 1.9767o
11.03 .s 904-4 .a 407-1 .9679 1.97L75:1136-1
11.04 .8945-4 ;;;:;:: .9109-u.a 40a-z .9,679;; Z;: .9085-a .1153-1 1.97 79.9079 i
11.0s .8905-4 .3’713-8 .a39e-i .1549 .9061-2 1.97 63.9879
11. o6 .0666-4 .3704-a .as94-l .1s4? .903a-a H::
L1. o? .86a 7-4

.s6a0 1.97687
.3694-e .a 390-l .9014-2 1.9759e

11.06 .8760-4 >684-S
.98ao.a50 s-l ;;::: .099z-a 1.97696

;-3674-*
:1121-1

11.09 .0749-4
.9860.R3et~1 .1643 1.97600.8967-Z .1118-1 .9aao 1.97604

1L.1O .8711-4 .>665-8 .154a .a944-a .;; ;::;::;7::; .9880
11.11 2.97609.e67 >-4 .:::::: .a9a i-a:;::; .966111:18 1.9761>.863 S-4 .2369-1 .@a9s-a
11.1s. .a 597-4 :>636.-a :1109-1 .9881.8 S64-1 .1536 .ea7>-a 1.97617
11,14 .8559-4 .s6a6-a .9asi 1.976*1.a 360-L .15>6 .aara-a :;::!:; .9a ai11.2s .85aa-4 .3617-a .S>S.6-1 .1635 l.v?sas.ueas-a
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.1506-4

.lsa i-4,1574-4.1571-4.1 S66-4.1561-4.1556-4.1561-4.1 S46-4.1541-4
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::::;.4a03
;;%;
.4503.4S03.4S03.4s03

aa4. aaa5. ia85.5aa 5.9
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.1014
:U:j
:ioll.1011.1 IJ1O.1009.1009.100s

.8577-a.s67a-a.8568-2.a063-*

..a65m-a.a554-a.a6s0-a.2546-2.a 842-a.a 537-9

3190-a:3165-31.3i 79-a.3173-a.316u-a.316z-a.3157-a.315 a-a.3146-a.3i 41-a
.3135 -a,.;; ::-:
1sL~9-a.3114-2.3i 00-a.310s-a.3098-a.309a-a.3087-a
.308a-a
::: ;;-:.3066-a
:::::::.3050-a.s046-a.S040-8.3034-8

.994a.9949.9949.9949.9949.9949.9949.9949.9949.9949

1.989701.989?1::;::;:
1.969751.989761.989771.9a9761.989S01.90981

9-4,6-A w:;::
lua O-2:lul e-a.lu 16-a.io is-a.iox >-a.1011-s.1009-S.100 e-a

.1008
:::::.1006.1006.1006.i004.1004.1003.1003

.a533=a.*588-2.R584-*.25i9-a.e5i5-a.$!511-S.B606-a.e50a-a.a490-a.e494-a

.9949.9949.9949.9949.9949.9949.9949.99S0.99s0.9950

i-i,0-4‘7-4!4-41-4
i-i6-43-4

.1010’-4.1007-4.1004-4.1001-4.998a-8.99s 3-5.99a s-5.9 S96-6.9068-6.9a 40-5

.1006 -9..io 04-a.looa-n.:: :::;
:997 a-3.9955-3.;: :;-:
:9904-3

.looa.1001.1001.1000
:;;;:::.9905-19979-1:;:: :7;

.2409:a.a 405-a.a46t-a.2477-a.a47a-a.a460-a.a464-a.a460-a.a455-a.a45t~a

.9960.99s0.99S0.9950.9960.9950.9950.9960.9960.9950

1.9m 94?1.9I3 981.98996t.9a 9971.9a 9961.989991.990011.9900S1.990031.99004
.98ia-5.9704-5.9756-6.97a a-5.9700-5.9673-6.9645-5.9617-5.9590-5.9863-5

.996a-1.9956 -.1.9951-1.994 s-1.9939-1.9934-1.:; ::::
:99 L7-t.9911-1

:3:::::
.a439-a.a436-a.a430-a.a4a6-a.a4as-a.a4i8-a.a4i4-a.2410-e

.30 U9-S.;:; $::
:3014-0.300s-a.3003-a.a 998-a.a993-2.a9ae-a.a9a3-a

.9950.a9a0.9950.9960.9950.9951.9931.995Z.995i.995i

1.990051.990061.9900?1.990091.990101.990111,99012::;;:::
1.99015

.9536-5.9509-5.948 a-a.9455-5.94aa-5.9401-5.9s75-a.9348-5.93a a-5.9a95-5
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:::::::
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.9011-k.0906-6.0961-5.8935-5

.0910-5.8aa 6-8.0 S60-5,.9836-5.aOii-5.07a 6-5
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:;;;:::
:9 S31-3.9315-3
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:a253-3

.9794-1.a7a8-i
:;:::::
;9766-1.9761-1.9736-1.97s0-1.V746-1
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:;::::;
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:;: :$::.9054-3
:::::::.9009-3.0994-3.a979-3.8.964-3.0949-3

.96a6-1.9679-1:;::;::

.9663-1.965 S-1.9653-1.9647-1.964a-1.9537-1
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.873 S-2.a734-a
::; ::-:.arao-a.a716-U.ar ii-u.a 707-a.aro a-a.a69a-a

.99s3.9953.a953.9953.995s.995s.99a3.99a5.9953.9953

1.9L.9i.91.91.91.91.91.91.91.9
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3.S683.3663.3643.36a3.3603.3sa3.3563.355
3.3ss3.S513.3493.3473.34s3.3435.341
3.3393.3373.335
“3.3333.3S13.3a93.s873.32s3.3233.3213.3a03.3183.316
3.3143.31ZS. 3103.3081.3963.S043.30~3.3003.2983.297
::;;:
3.Z913.ae9s.aa7”3.a8s3-a833.a81s.aao3.278

.

27627487’2a70a6aa66a65a63a6La59
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5.9603.9603.96o3.9603.96o3.9603.9603.9603.96o3.96b
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449.6
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M

17.00
17.0117.0217.0317.0417.0517.061’3.0717.0817.09
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17.6017.6117.6217.63t7 .6417.65x7.6617.6717.6817.69
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18.00 .806 Z-5 .9174-2 .9578-118.01 .8040-5 ::; :;-: .Z693-9.9164-Z ::;7; :: .99s4 1.99000.95’/s-1 .a6a9-sIo. oa .8018-5 .9954 1.99081.9154-0
18.03 .7996-5 .9968-1 .a170-a::; ::-; .9t 44-a .956 U-1 .2t66-a .5.. :: 1.9908s
18.04 .7974-5

;:::::: ,. 1.99083.91 .54-s .9557-1:;:;;:: .2162-2 a676-a18.05 .795 a-5 .9954.9i.34-a .95s.s-1 .e159-s 1.99085
18.06 .7930-5 :8671-2.9114-a .9s 47-i .218!3-2 .99s4.a667-a 1.99086
ls .07 .7900-S :0607-3 .9954.9i 04-a .9541-1 .s 152-s 1.99087
18.00 .7807-5 .8672-3 .9094-, a .99s4
18.09 .9536-1 .a~4 m-a 1.99080:: :::-;.706 S.-5 .8358-3 .99s4.9084-a .9531-1 .Z145-Z .s 654-a 1.990a9.99s4 1.99090
18.10 .7s 44-5 .:: ;:-; .9074 -a!
10 .3.1 .79aa-5

.!4586-1 .a141-a.9064-a .95a1-1 .ai 38-a :j::::g :;;:: 1.99091
is. la .7001-5 ;8316-3 .9054-a .9515-1 .st 34-a i.9”909e
16.13 .7779-5 .a641-a .99ss 1.99093.8601-> .9044-2
10.14 .775a-s .9 S10-1 .2131=1 .99ss 1.99094.9035-a18.15 .7737-s .9505-1 .aia 7-8::: 7:-; .9026-s :::;::: .9955.?s00-1 .2124-* 1.99095
16.16 .7716-5 .#62ti-s .99s5.s559-3 .90 L5-a .9495-1 .aia i-s 1.99095
10.17 .7695-5 .a6s4-a .99s5 1.99096
18.16 .7674-5 ::: ::-: :Z::;:i ;;::::; ;:;;::; :::$::; :;;:: 1.99097
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aO.639aa. 64aOa.645EO.64B6a .651SZ.664Oa.6578a.66iaZ.66462.667
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.44.5.44a5.44ss.4485.44a5.44s6.4485.4465.448s.448s
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14.12114.12S34.12514.122b4.13004.13204.1>404.136B4.IS2B4.140
04.141
04.14304.14504.14704.14984.15184.153
84.15584.15784.1s9
84.16184.16324.16S84.167
64.16924.17104.17504.17504.17784.179
S4.18104.183e4. t8584.127e4. ~8984.19184.19384.19504.19704.199
::: g:*
e4. ao5a4. a0784.20904. a~O04. aLa04. a1484.21684.21a
24. aaO84.2aae4. aa404.22664. Z2264.23004.23204. a3404. a3684. a3s
84. a40u4. a4i84.24384.24%84.24784. U4984. z5z04.353::.:::

64.25584.261a4. a6304. a6484.26684. S6S84.270::::::
04. z76

,4421,4481,4481,4481,4481,4481
;:::;
,4401.4401
.4401.4401
.4481.4461.4481.4403.,.4461
.4481.4461.4401
.4481A:::
.4461.4400.4480
.44s0.4480.4420.4400
.4480
:::::.4420
:::::.4400
.4480.44e0.4480
.4480
:::::.4480
.4480:::::
.440a.44s0.4480
.4400.4400.4400.4480.4480.4480.44.30df::
.4400
.44ao.4480
:;;;:
:::::
.44U0.44ao.4400
:: :2:
.4400.4420.4400.44a0.4480.4480.4480
.4480
.4 A.30.4420.4480
.4480.4480.4460.4460.4420.4 .80.44a0
.4480.4480
::::;.4480.4480.4480.4400.44ao.446-0

351.L15a.D5a-DSS-054.0s5.055.0S6,05,7.058.
050-
059.060.060.06L-062.063.063.0,64.065.
066.066.067.066.
068.069.070.U7L.071-07a.
073-074.074.076.076.077.077.
076.079.079.
080.081.022.,u8Z..u8s -,004.,065.,085..066..067.
,080..008..089..090..091..091..092..09S.:093..094.
.095.[096.L096.L097.Lo9a.1099.L099.LLOO.L1OL.Lt02.
L1Oa.L103.L104.L105.L105.L106.L107.L108.L108.L109.
1110.1111.LIL1.1112.1113.1114.L114.1116.tl lb.tll T.
1117.11.la.;:; g .
Itao:liax.11a2.1123.1123.1124.

%%

::::.986.906.9a6.986.986.986.986.986
.926
,. 986,.9S6..906.9861.986;. 906;.9E61.986;. 986
1.926;. 9861.9861.9861.966}.9s6!. 966!. 9665-986!. 986
!. 9861.9861.9865.9265.986S.9065.986
5.986$.986$.986
5.9865.9865.9S65.9863.9661.9861.9063.906S. 986s.9a6
3.9863.986>. 986S. 9663.9063.9863.9863.9863.9863.986
3.9863.9663.9863.966S. 9663.9663.9863-9B63.9S63.986
3.9063.9863.9063-9863.9063.9061.9263.9873.9873.987
3.9813.96’73.9813.9673.9813.9s73.9873.9813.9813.987
3.9873.9a73.9s13.9073.9873.9B13.9873.9a73.9873.9a7

T@
!63.7!6S.9164.0!64. a164.4!64 .6i64 .S
165.086s.1366. S
?65.5
$65.7B65.9
a65.0Z66.2z66.4a66.6Z66.8a67. o867.1
z67.3267.5z67.7z67.9860.1262.2868.4
268.6s60.8z69. o
869. Za69.3a69.5269.7
269.9270.1a70.3
a70.4z70.6270.2
a?l. o271.2*71.42T1.5Z7L.7171.9*72 .127Z.3272.5*7*.6
272.0073.0a73. aa73.427>.6273.8173.9a74. xa74.3274.6
174.7B74.9a7s. oa75.2875.427S.6275.0276.0a76. aa76.3
276. S276.7276.9a77.1277.3277.5277.6a77. ea-78.oU72.2
a70.4z7a .6a76 .6Z78.9Z79.1279.3279.6a79.7i!T9.9-A80.1
280.31390.4280.6200.6221a281.2201.4281.6asl.7221. s

==1
.9509-3.9a99-s.9za9-5.9380-3.9a 70-s.9261-3.92 S1-39s 42-3:92s8-s.9 ZZ3-3

.9087-3.9018-3.9009-3.*000-?a9Yo-z
:0981-?.0972-:.0963-?
8954-!:0945-:
a936-2

:8927-:s91e-::8909-2.8900-28891-!:8a 2a-:.8073-:.8864-:.88s5-!
.6046-!
.aa 37-:.6820-:.aa 19-:.B81O-:.0801-:.879 a-:.0783-:.8775-:.8766-:

.a5a3-.a 574-0565-
:a557-
::::::.8531 -
:::;::.2 SC16-

at,apl

1836.1837.1237.:;;:.
1240:la41.
124Z.1243.1243.
1244.W:.
;;:;:
%249:ia 49.
1250.18S1.
aasa.
Ias>.12354.1255.1255.1256.la57.
1256.1259.1260.Iabl.
le61.
1a62.1a61.12.64.1a6s.
ia66.1a67.
;:;:.
1a69:
1s70.larl.127Z.1973.1a74.
1a74.xa75.ta76.xa77.18?s.

m;.
1Z89:1a90.za9i.ia9a.
1293.za93.
;:;:.

1a96%1a9r<;:;:,
1300:;::;<
isoa:1303.1304.
zS05
13061s07130’7
x30a13091s10
1311131?1S13
13141S14131513161317t31ai3L9132.0
13ai13aa

-P.

a9 .00a9. Oia9. Oaa9 .03a9 .0429.05a9 .06a9 .07Z9.03a9 .09
a9. aO
a9. zl89. ia:a .;:
29:1sa9. L6a9. L7?9 .16a9. z9
29.2029.8129.2aa9 .*3a9 .24a9 .2529. a629. S7a9. aaa9. a9
S9.3029. S1a9 .3aa9. s3a9. s4a9 .3529. S6a9 .37a9. saa9 .39
a9 .40a9 .4129 .4aa9 .4329.44a9 .4529.46
a9 .47a9 .4aa9 .49
a9 .50a9.5ia9 .5aa9 .53a9 .54a9 .55a9 .56a9. s7a9. saa9 .59
29.60a9 .61a9 .6a:;:::
29.6529.6629.67a9 .6a29.69
29.70a9.7za9 .7229.73a9 .74a9.7s29.7629.77
a9 .78a9 .79
a9. aon9 .01a9. aa29.0329.24a9. a5a9. S6a9. a7a9 .2.8
29. a9
a9 .90a9 .91z9 .9aa9 .93a9 .94a9 .95
29.9629.9729.982.9.99
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36

30.00SO.01;:::;
30.0450.0930.0630.07SO.0830.09
SO.lo30.1130. la30.1s30.1430.1s30.1630.1730.1630;19
30. UO30. al30.1S;:.::
30:a S30.2630.3.T30.80SO.29
30.3030.3130.3aSO.S3SO.S430.3530.3630.3730.38SO.39
30.4030.4130.4830.4330.4430.4530.463.0.4730.4830.49
30.5030.3.130.5830.63SO.S430.3.530. S6sO. S730. S630.59
30.6030.6130.6n30.6330.6430.6530.6630.6730.6830.69
30.7030.7130.7a30.7330.7430.7S30.7630.7730.7830.79
30. EIO30. B130.8e30.8330.8430.8530.8630.8730.8830.89
30.9030.9130.9Z30.9330.9430.9530.9630.9730.9830.99

.6s6 a-6.6351-6.6341-6.6330-6.6320-6.6309-6.6a99-6.6a80-6.6270-6

.6a60-6

.6a S7-6.6247-6.6237-6

.6aa 6-6.6a16-6.6a06-6.6195-6.61a 5-6.6175-6.6165-6

.6155-6.6144-6.6134-6.61 S4-6.6114-6.6104-6.6094-6.60 S4-6.6074-6.6064-6

.6054-6.6044-6.6034-6.6084-6.6014-6.6006-6.5995-6.6986-6.5975-6.596 S-6

.5955-6.5946-6.5936-6.S9a 6-6.5917-6.5907-6.5697-6.508 S”-6.SO?0-6.506 a-6

.S 659-6.5a49-6.6840-6.3030-6.56a1-6.5811-6.580a-6.979 a-6.57a 3-6.S773-6

.5764-6.S755-6.5745-6.5736-6.5727-6.5717-6.S700-6.5699-6.8609-6.6660-6

.S 671-6.566a-6.B663-6.564 >-6.5634-6

.56a 5-6.5616-6.S 607-6

.359a-6.55a 9-6

.6560-6.5671-6.556 a-6.5553-6.5544-6.5535-6.55a 6-6.5 S17-6.S 606-6.5499-6

.S490-6.S402-6.5473-6.5464-6.9465-6,5446-6

.5438-6854a9-6.54a0-6.5411-6

18?7-3:1875-3.1874-3.1878-3.10? 0-3.1060-3.1866->.1064-3.186 S-3.166 L-3
.18s9-3.1857-3.1a 56-3.1853-3
::: :;-:.La 46-3.La 4a-3.1644-3.164 Z-3
.1841-3.1839-3::::g:;
.1833-3.103 U-3.1830-3
::: ::-;.iaa4-3
.1083-3.i6a1-s
:?:::::.1615-s.1814-3.181a-3.1010-s.1008-3.1807-3
.1003-3.1803-3.lm 01-3.la OO-3;;;N::;
;$; ;;:;
.1791-3.17a 9-3
.1787-3.1786-3.1784-3
:;:::::1779-31777-31773-317?3-3177a-3
1770-3176a-31?67-31766-31763-31761-317ao-31758-31756->.1755-3

T/Tt

.3528-a

.33a0-a..3318-2.3316-a.3313-a.3311-a.3309-2.3307-S.3305-a.Ssoa-a

.3300-a.3a 98-a.3a 96-a.3a94-a.3a 9a-a.S8@9-8.3aa7-a.3885-8.3aa 3-s.3a 6*-8

.3a 79-a.3a 76-a.3a 74-a.3a7 a-a.3a70-S.3468-a.> S66-a.3a6 >-a.3a61-a. 3a59-a

.3as 7-a.3a 55-s.Sas s-s.3as i-a.3848-a.3a 46-a.3a 44-a.3a4 m-n.3a 40-z.3as 0-a

.3a36.-a.3a34-a.3 S33.-8.3az9-a.3aa 7-a. 3aa s-a.3aa 3-a.3aa 1-a.3a 19-8.sai7-a

.3ai 5-a.Sal a-s.sai o-a.3a 08-a.3z06-9.3804-8.380 a-a.3a00~8.3196-8.3i96-9

.3i94-a.3k9 a-a.3i90-a.3107-a.sias-a.318 s-a.3ia s-a. :~;;::
:3z 75-a
.3173-8
.327i-a.3169-a.3167-a.3165-a3163-a3161-a3139,93157-a31s 4-s

3i5 a-s3i50-a3146-83146-ay::
3140-a3138-a3136-a3134-a

.3i 3a-a.3i30-a.Sla o-a.3186-a.3ia 4-a.Bzaa-a.sz80-a.3118-8.3116-a.31~4-a

#&

.4771-3.4767-3.4768-3.4757-3.476a-3.4748-3.4743-3
:;:;:::

.47a4-3.47 U0-3.4715-3.47z0-3.4706-3.4701-3.4696-3.4682-3.4687-3.46e a-3

.4670-3.4673-3.4669-3.4664-3.46 S9-3.4685-3.46a o-3.4646-3.4641-3.4656-3

.463a-s.4607-3.46a3-3.46 L8-3.4614-3.4609->.4605-3.4600-S.4696-3

.4691-3

.4587-3
:::::::.4673-3.4669~34~64->:4660-3.456$-3.4561-s.4 S46-3
.464a-3.4837-3.4553-3.45a 8-3.4aa4-3.45a 0-3.4515-3.4s21-3.4506-3.460 S->
.4498-3.4493-3.44s.9-3.44a5-3.4460-3.4476-3.4471-3.4467-3.4463-3.445 =4->
..4454-3.44ao-3.4445-3.4441-3.4437-3.4432-3.44z e-3.4424-3.44 LI0-3.4415-3

m::
.439 a-3.4394-5.4390-3.43a 6-3.438 -3+.437 -3.4573-3
.4369-3.4364-3.4360-3.4386-3.43a9-3.4340-3.4343-3.4339-3.433.6-3.4331-3

NACATN4063

TABLEI.- VALUESFOR RATIOSOF

A*O.

.8867-3.5061-3.5875-3.6869-3.5863-3.s057-3.5a 6a-3.5846-5.5840-3.S634-3

.56a8-3
W!:;”
. 560S-3.5800-S.57 .94-3.67a6-3.578 U-3.s777-3
.5771-3.3765-3.S760-3.6754-3.5740-3.5742-3.s 737.-3.5731-5.57a6-3.57s0-3
.5714-S.S709-3.5701-3.6697-3.569 E-3.5686-3.S601-3,667s-3.5669-3.5664-3
.S666-3.565 S-5.5647-3.564a-3.5636-3.S631-5.56a5”-3.56a0-3.a614-3.3609-3
.5603-S.5s 98-3.569s-s.5587-s
::: ::-:.5570-3.5565-3.5559-3.a554-3
.5549-3.5543-5.5ss8-3.5s 3a-3.5687-3.55aa-3.S516-3.5311-5.5505-3.5500-3
.5495-3.64 S9-3.5484-3.5479-3.5473-s.5466-5.5463->.5457-3.s45s-3.s447-3
.544s-3.5436-3.5431-3.s4a6-s.54s1-3.5415-3.a420-3.5405-3.S400-3.s394-s
.5389-s.6384-S
.5379-3.5374-3.5360-3.5363-3.53.56-3.5353-3.5>40-3.5343-3

Wo
.99s3.998s.990>.99s3.99a3.9983.9983.99a3.9983.996S
.99s3S::?
.99a4.99a4.9984.9984.9964.9964.99s4
.9984.99s4.9904.9964.9984.9984.9984.99a4.99s4.9964
.99s4.9984.9904.9084.9984.99a4.9984.9904.9984.9964
.9904.9904.9904.9904.9904.9964.9904.9984.99s4.9984
.9964.9964.9984.99s4.9984.9984.9904.9964.9904.9904
.9904.9904.99s4.99s4
::;::.9984
:::::.9964
.9984.9964.9984.9984.9984.99s4.9964.9984.9964.9964
.9984.9984.9984.9984.9984.9984.99s4.9984.9984.9984
.9984.9984.9984.9964.9964.9904.9984.9984.99s4.9904

v/m”

1.996681.996681.996661.99668::;:::;
2.99669L.996691.996691.99669
.. 9,. 9,. 9.. 9,. 9.. 9..,. :,.9,. 9

1.996741.996741.998741.9967S1.9967S1.996761.996761.*96761.996762.? 9676
1.996781,996761.996771.996771.996771.996771.996771.996781.996781.99676
1.996781.996781.996791.996791.996791.996791.99680i.996a0Z.996801.99660
1.996801.996011.996811.996al%.996811.9968L1.996Ea1.996aa1.996881.9968a
i.996aa1.996831.996831.996s31.996631.9966>f. 996641.996841.996641.99684
L.996as1.996S51.996653..9968S1. S986at. 99686L.99S661.996e61.996661.99686
1.996S71.996871.996871.996671.996671.996861.996a81.996661.996681.99680

.
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FURDAME16TALFLOWIsQUATIO16S

u , % %/% m% T#h K@t,l rt,aful n

1.910 84.2?8 .4480
1.910

11s5. 3.9s7 282.1 641S-S zsaa. 30.00
84. aeo .4400 1126. 3.987

1.909
asz. s :a40s-s x3a3.

64. eOa .4400 t1z6. ;.;:; 288.5 So. ol
1.908

13a4.
s4. a84 ssa7. 282.7 30. OU

1.908
::;::::

84. a85 ::::: 3:96? z3’a5. 30.0S11a8.
1.9o7

2aa.9 .8380-s
a4. aa7

13a6. 30.04.4480
1.906

taa9. ;.::; 203.1 .8371-3
84.209 .4400

1.906
1129. 883.3 13a7. 30.06.8363-3 15a8.

S4. a91 .4480 1130. 3:98?
1.905

Z23.4 30.061sa9.
84. a93 .4480 1131. S. 987 ~83.6 :!::::: 30.07

1.904 04.295 .4480 113a. 3.987 aes. a 1s09. 30.08.8s 38-s 1330. 30.09
1.904 64. a97
1.903

1139. 3.987 ae4. om:: 0330-3 1331.
84. a99

30.10
1.903

L133. 3.96764.301 2a4. a 105a a-3.4480
1.90a

1134. 233a. 30.113.987 a04.4 .8s 13-3
84.5oa

1333. 30. xa.4480
1.901

1155. 3.907 ae4.6 .8305-3
a4. so4 .4480 113s- ;.;:; aa4. a 1334. 30.13

1.901 S4.306 .4480 1136. aa4.9 1335. 30.14
1.900 64.3oa

::::::2
.4480 1137. 3:907 285.1 1336. 30.15

1.899 84.310 .44ao 1337. 30.16
1.8*9

l13e. 3.907 a05.3 ::::;:;
64.31a

1337. 30.17.4480 tu3a.
1.8*O

3.907 285.5 .aa 64-3
84.3L4

1S39. 30.10.4480 11s9. 3.9a7 aa 5.7 .8a 56-3 1SS9. 30.19
i.a9* 04.3L6 .4480
1.097

1140.
e4 .31a

3.927 aa 5.9 .aa4a-s
.4480

1340.
1141. 3.987 a86.1 30. s9

1.096 84.319 .4400 114L. 3.987 1s41. 30.21286.3
1.896

:::;::; 134a.
64.321 1142. 3.967 aa6.5 30. sa

1.095
.aaa3-3 134s.

84.3a3 ;;~~~ 1143. 3.987 a86.6 ;::::
1.094 e4.3as

.aa 15-s 1344.
1.894

1144. 3.987 006.8
84.3a7 1144.

.aao7-33.987 1345. 30.25aa7.0
1.a93

.8199-3
84.3a9 ::::; 1145. 134.3. ;::::aa7. a .a19t-3

1.a9s 84.331 .4400 1146. ;: ;:.; aa7.4 1346.
1.69Z 84.33a

.2183-3
.4460 1147.

1347.3.987 Jo. naa67.6 .a275-3 134a. 50.29
1.891 64.334 1147. 3.9a7 227a
1.891

.8167-3
04.356

;:::: 30.30::::i 1t4a. 3.9a7 aas. o
i.a90

.8159-3
84.3sa .4480 1149. 3.927 30. s1

1.869
Zaa. a

64.340 .4480
.0151-3 1351. 30.3a1150- 3.987

i.an9
a2a.3 .2143-5

64.34a 1150. 3.907 i35a. 30.3S
l.eua

a88.5 .ai 35-3 1353.
84.344

1.886
::::: 1L51. 3.9a7 aaa.7 .21 Z7-3 30.34

64.346 .4480 1152.
13.9S.3.9a7

i.ea7
a8a.9 30.3S1354.

84.347 .4480 115S. 3.907 ::;:;:: 30.36289.1,
1.086 04.349 .4400 1355. 30.37
1.886

1153- 3.987 aa9.3 .0103-3
64.351 .4460 IL54.

1356. So. sa3.9a7 aa9.5 .0095-3 13.57. 30.39
1.88s 04.333 .4480
1.884

1155. 3.9873.4.355 .44ao 269.7 .2007-31156. 3.967 1356.a29.9 30.40
1.864 04.357 .: ::: 1156. .a079-33.987 1359. 30.41
1.883

a90. i .607t-3
04.350 1157. 3.987 a90. a 1360.

1.803
.eo63-3 30.4a1361.

64.360 :4480 t15a. 3.9a7 a90.4 30.43
1.80a e4 .,36a .4460 1361.1159. 3.9a7 a90.6 ::!:::: 30.44
1.661 S4.164 .4480 1362.
i.a ai

1160. 3.907 a90.2 .a040-3 30.45
64.366 1160. 3.987 1363.

l.aa O
a91.0 .603a-3 30.46

64.360 ::::: 1364.
l.Oa O 1161. 3.987 291.2 30.47.20a 4-s64.370 .4460 116S. 1365. 30.483.967 291.4 .a 016-3 1166. 30.49
1.679 04.371 .4460
1.67a

i163. 3.9a7 a91.6 .0006-3
04.373 .4480 1163. 3.967 a9i.0 1567. 30.60

1.870
.0000-3

04.375 .4480 1164.
1366. 30.513.9a7
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.4471-64464-6:4457-6.4430-6.4443-6.4436-6.4430-6.44a 3-6.4416-6.4409-6
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1571.
x57a.la73.1s74.157s.1576.1577.
L57e.L579.
1580.

1.75a
1.75a
1.7511.7511.7501.7501.7492.749z.74a,1.748

.6505-3.6499-3.6493-3.64S7-3.6461-36475-3:6469-2
::::+:;.6451-Z
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9973399733997349*734997349973499734997349973499725

33.5033.5133. s233. a33s. s4
33.5533.66;;.:;
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;;:::
33.6233.6353.64>3.6533.6633. a7>3.6a33.69

,16-6 .a650-a.a649-a.a647-a.a646-a.a644-2.a64 a-a.a64 i-a.*639-Z.a63 a-a.Z636-a

,-3
,-,
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,6-,a-la-
14-11-,7-,3-,o-,6-,a-

997359973a9973a.99735997s59973699736997569975699736

11-6,::::
95-6a9-6a4-679-673-66a-6

,- 5-3-sI-3,- 3
.a635-a.a63 >-Z.a631-S
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33.9033.9133.9a33.9333.9433.9s33.9633.9733.9a>3.99

.3459-6.3454-a.3449-6.3444-6.3439-6.>434-6.34 Z9-6.34a 4-5.3419-6.3414-6

.1.1 .a604-z.a60a-a.a601-a.a 599-a.sa 9a-2.a996-a.a595-a.aa93-a.ZS91-a.s 590-8

.33i3-3.3310-3.3307-3.3s04-3.3301-3.3a9a-3.3a93.-3.3a9a-3.3aau-3.3aa7-3
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:::::::.4071-3.406a-3.4064-3.4060-3.: ::;:;

.99s7.99a7.99a7.9987.9927.9987.99a7.99a7.9907.a9a7
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1.737 04.797 .4479
1.736 1361. 3.989 341a .6330->84.’798 .4479 136a. 1600. 33.00>. 909
1.755

341.4e4. sOo .4479 .6384-3 1601.1363. ?..989 341.6 33.01
t.73s e4. Ooa .4479 .6318-3 160a.1363. ;:;:; 341a 33.02
1.7s4 a4. a03 .4479 .6312-31364. 34$3.0 1603.
1. ’734

.6307-3 33.03
64.906 .4479 1365. 3.989 34a. a 1604..6301-3 33.04

1.731 S4.806 .4479 1366. 3.989 34a.4 1605. 33.05
1.?33 04.800 .4479 .6295-31S67. 1606. 33.063.909
1.732 342.6 .6290-3a4 .609 .4479 1368. 1607.3.909 34a. a .aae4-5 33.0’3
x. 73a 1608. 33. OU84.011 .4479 156a. 3.969 34>.0 .6 Z7U-3 1609.
1.731

33.09
84.813 .44791.731 1369. 3.90984.814 .4479 1370. 343.33.909 1610.343.5 33.10

1.730 e4. eta .4479 ::::?::1371. 3.989 343.7 1611. 33.12
1.730 04.817 .4479 1372. 3.969 343.9 ;:;;.::::::: 33. la
1.729 04.019 .4479 1373. 33.13
1.729 T1.9e9 344.104.820 .6 Z50-3
1.7ea

.4479 1373. 3.909 344.3 X614:.: ;;::; 33.14
04. Oaa 1574. 3.909 1615. 33.15

1-128 04.823 :::;: 1375. 344.53.989 1616.
1.7a7 344.7 33.16:61i33-304.6a5 :::!; 13.76. 3.909 344.9 1617.
1.7a7 .6ua8-3 35.17

a4.6a7 1377. 1618. 33. ia3.9e9 345.1 .62a Z-5 1619.
1.726

33.19
e4. aati .4479

L.726 137a. 3.909 345.3 .6 U16-304.030 .4479 137a. 3.9a9 345.5 16L9. 33.20
1.7a5 64.631 .4479 .6 A11-31379. 3.989 1620.545.7 33.29.
i.7a4 a4 .633 .620 S-31300. i6a1. 33. aa3.9091.724 345.984.834 ~::;:

1301. .6200-3 16aa.3.909 346.2 33. a3
t.7a3 84.636 .4479 lJsa. 1.909 346.4 16Q3.::::::; 33. s4
t.7a3 84.637 .: :;; 136S. 16a4. ss. as3.909
z.7a2 346.604.839 .61 E3-31303. 3.989 346.8 1625. 33. s6.6177-31.7aa :4479 1626.84.841
1.7* I 13?.4. 3.909 347.0 .617a-3 33.27

84.642 .4479 13s5. 3.909 347a 16a7..6166-3 33. ae16aa.
1.7ax

33. s9
04. a44 .4479 1386. 3.9691.720 04.845 .4479 15s7. 347.4 .61a L-53.929 347.6 1629. 33.30

I. ’?eo 64.847 .44’r9 .61 S5-313s0. 3.989 1630. 33. S1347.01.719 ‘94.048 .4479 .6150-31360. 3.989 1631.
1.719 348.0 33.3a

e4. a50 .4479 .6 X44-3~3a9. 3.929 546.2 163a. 13.33
1.71a .6139-384.851 .4479 1390. 3.989 1633.
1.7L0 340.4 .6t 33-3 33.34

04. a53 .4479 1391. t634.3.969 346.7 33.35
1. ’717 ●4.a54 .4A79 1>9U. .61ae-33.9a9 1635.
1.717 348.9 .61a a-3 33.36

a4 .056 .4419 1393. 3.989 349.1 1656. 33.37
1.716 84.050 .4A79 .6117-31393. ::::.3.909 349.3 .6111-3 35.38

1.716
35.19

3.4.059 .4479 1394. 3.9a9 349.51.715 84.661 .4479 .6106-51395. 3.989 ;:::.
1.715 349.7 .6100-3 53.40

a4. a6a .4479 1596. 3.9a9 33.41
1.714 04.864 349.9.4479 1397. .6095-3 1641: 33.4a
1.714 3.989 350.1 .6090-304. a65 .4479 ;;;:. 3.929 3b0.3 164a.
1.713 .6004-3 13.43

e4. a67 .4479 3.989 350. S 1643.
1.?13 04.668
1.710

33.44
.4479 1399: 3.909 3s0.7 1644.::; $::: 33.4s

a4.07u .4479 1645.
t. 71a 1400. 3.9a9 S.al. o 33.46.6060-304.871 .4479 1401. 3.929 351.2 1646.
1.711

33.47.6a *a->a4 .873 .4479 140s. 3.9e9 351.4 1647. 33.48.6057-3 164a. 33.49
1.711 :.. :!3: .4479
1.710 1403. 3.989 351.64479 1403. 3.909 351.8 16h9.
1.7L0 ::::::: 3s. s0

84:677 :4479 1650.14a4. 3.909 38a.0 33.51
1.709 .6041-5 1651.S4.679 .4470 1405. 3.909 3sa.2 .: ;;::: 3s .62
1.709 m4.emo 1406. 1.9BY 362.4 165z. 33.53
1.70s 64.60a 1653.:::::
1.788 140r -‘94.6a4 3.9a9 ;::. : :60a 5-3 33. s4

.4470 1654.1400. 3.9e9 33.55
1.707 64.8U5 .447a 1400. 3.989 1655. 33.66
1.706 353:084.8E7 .447a :2:;:::1409. s.9a9 363.3 1656. 33.67.6009-31.706 04.888 .4478 1410. 3.969 1657.355.5 .6003-3 s3 .5a1656. 33.59
1.706 64.890 .447a
1.705 64.891 1411. 3.9e9 35s.7 .5998-5.447a zk~a. 1659., 33.603.9091.704 353.904.893 1660. 33.61.4470
1.704 t41s. 3.9a9 3s4.1a4. a94 .4478 :: ::?-?1413. 3.9e9 354.3 1661. 33. aa
1.703 64. a96 .4470 ::;:;:;t414. s.9n9 166a.354.5 33.63
1.703 a4. a97 .4478 X.415. 3.989 354.7 1663-
::;::-

33.64
84.899 1416. 3.909 354.9 1664.::~w; 33.6S
a4 .900 :::;: 166s.1417. >. 989 3s5.1 33.66

1.7a1 e4.9oa 1666. 53.67.4478 1410. 3.9091.701 35s.484.903 .4470 :5955-3 1667.1419. 3.909 33.66395.6 .5950-3 1668. 33.69
1.700 84.90s .4a78
1.700 1419. 3.969 355.8e4 .906 .4476 .6945-3;::;. 3.969 35*. O 1669. 13.70
1.6S9 84.908 .:; ;;::.4470 3.989 3s6. a 1670. 33.71
z.a99 a4 .909 t4aa1 1671. 13.7s.4478 3.9891.698 a4.911 .447m 356.4 159a9-5149.3. 3.989 1672.
1.690 3d6.6 5s .73

84.910 .4470 1404. 1673. 33.74
1.697 3.989 356.864.914 .447a ::;?:::14a4. 5.9a9 337.0 1674.
1.697

15.76
64.91S .4a78 14a5. 1675.3.9901.696 357.3 13.76:::::::e4 .917 1676..4478 14a6. 3.990 357. s .5903-3 33.77

1.696 64.918 .4476 142?. 3.990 1677. 33.78357.7 .5898-s 1678. 33.79
1.69S 84.920 .4478 1426. 3.9901.69S 3s7.9 .5693-3 1679.a4.9a1X.694 .4478 x4,a9. 1.990 358.1 .5807-3 53.80

e4.9a3 .4A7E 1409’. 3.990 1680.
1.6,94 350.3 33. al

ti4.924 .4478 .56a2-31430. 1661. 33.8s3.9901.693 3sa.504.9a6 .4478 143i. 168s.3.990 36a .7 ::: ;:-; 33. a31683.1.693 a4.9a7 .44781.692 1432. 3.99.3 358.9 .5867-3 33.84
m4.9a9 .4476 168>.1433. >. 990 359a 33.68

1.69.? 04.930 .4478 1434. 3.990 359.4 ;:::.
1.691 ::::::: 33.86

04.932 .4478 1435. 3.9901.691 359.6 .5a 51-3 33.87
04.933 .4476 1435. 1686:3.990 359. s .5a 46-3 33.881607.

i. 690
33.89

e4.93st. 690 .4476 1436. 3.990M4.936 .447a 360.0 .5841-31437. 1688. 33.903.9901.689 04.938 .4478 ;::. :143a. 16a9.3.9901.689 ::::::: 33.91
a4 .939 .447U 1439. 3.990 360:6 1690..5an 5-s 33.9a

1.6uu 04.941 .4478 1440. 1691-3.990t.6aa 360.9 .50ao-s 15.93
m4.94a .4470 3.441. 3.99a 169a.

t.6u7 361.1 .5815-3 33.94
a4 .944 .4470 144 .i. 3.990 361.3 1693.

1.6U7 .Se lo-s 53.9s
04.945 .44’7a ;g;:.144 3.9901.6a6 361. S .5605-3 53.96
04.947 .4476 1443. 3.99a1.6t16 361.7 .saao-s 33.97
s4 .94a .4478 1444. 3.990 361.9 .579 s-3 1696: S3.901697. 33.99
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S4.00
34.0134. OaS4.0334.04S4.05
34.0634.07
34.0834.09
34.1034.1134. le
34.1354.14S4.15>4.16
34.1?34.1034.19
34.2034. al54. aa34.2334.2434. Z634.2654.0734. aO34.29
>4.3034.3134. >234.3334.3434.3554.36>4.37>4.3834.39

91R

.3409-6.3404-6.3399-6.3394-6.3389-6.3364-6
3.3 19-6.3 74-6.3369-6.3364-6

.3359-6.3354-6.3349.-6.3344-6.3340-6.3335-6.3330-6.332 S-6.33a0-6.33 L5-6

v/a”

.ls 17-3.1316-3.1315-3.1313-3.1>1s->.1> 11-3.1310-3.1309-3.:: :$::

.ls 05-3.1 S04-.3.;; ::-:
:1301-s.1300-s.1899-3.1297-3.1296-3.1895-3

E.088-:5006-.&085-.5083 -
::::::.80 T9-.s07T -.;::: -
.-

.3aa 4-3.3ae 1-3.3a70->.3s75-3i>a70-.3 Z69--1.sz67-3.S864-3.3z61-3.3s3.0-3

.9967.9967.9987.998?.9987.99a7.9907.9987.99s?.9987

.998T99*7:9907.99a7.9987.9987.;; ::
:99a7.99a7
.9987.9987.99e7.9987.9987.9907.9987.;; :;
:99m7
.9987.9987.9987.9987.;; :;
:9987.9907.9987.9987
.9987
:;::;.9987.99s7.9967.9987.9907
:;::?
.9987.9927.9987.9987.9987.9987::;:!
.9907.S987
.s 987.9908.9988.S9S8.99 aa.9988.9908.9980.9980.9986
.*988.9988.9988
.9986.9998.S988.9988.$922.9963..9988
.9988.9988.998a.9980.9988.9928.9908.9988.9988.9988

1.997411.997411.997411.997411.9974s1.9974a1.9974ai. 9974a1.9974a1.9 Y74a
.S073-
::::::.5066 -.5067 -.506 S-.:; :::
:5061-..50S9-

.Sa as->.s258-3.3 &49-3.3*47 -.3.3044-3.3841-3.3838-3.3a 35-3.3s38-3.32>0-3

.4014-3.4011-3.4007-3.4004-3.4000-3
:;;;:::
:;:::::

;. 9,97431.997431.997431.997431.997431.997431.9974S1.997441.99’7441.9974<

..

.3310-6.3306-6.3301-6.3896-6.3a91-6.3a06-6.3 Z02.-6

.3877-6.S272-6.3a67-6

.3263-6.5a50-6.3a S3-6.3240-6.3844-6.3a39-6.32>4-6

.3a>0-6.>a85-6.3880-6

.05 S8-9.a 557-2
:3:: :-3.855 a-a.8561-S.8549-8.8540-8.8 S46-e.0545-8

.5056 -.6057-.5055 -.5064 -
::::;-.5049 -504E-:S046-.6045 -

.3es7-3.3a84~s.3n S1-3.3s10-3.3815?3.3213-3.3810-3.3807-3.3204-3.3201-3

1.997441.997441.997441.99744i. 997451.9974s1.997451.997451.9974s1.99746
a543-a

1254 a-a.2541-*.a539-a.as 36-a
::;::::.a 533-a.a53 a-a.a530-a

.504> -.504a -d:$g -

.503? -.5036 -.5035 -.5033 -50sa -:5030-

.3199-3

.3196-3.s193-3.3190-3.> Lee->.3185-3.3zaa-3.3179-3.317?-3.31 T4-3

1.997461.997461.997461.99746t.997461.997461.99746l.s 974?1.997471,99747
s

34.4034.4134.4234.4334.4434.4534.4634.4734.4a34 49

.50a9-i

::;%;::

:50a3-1.60ai-1.bOaO-1B016-’1:5017-1.6016-1

.3a16-6

.3a11-6

.3a 06-6

.3aoa-6.3197-6.3i9 a-6.3i8 e-6.3103-6.3179-6.3174-6

.3169-6.3 L65-6.3160-6.3156-6.3151-6.3i47-6.314 a-6.3130-6.3133-6.31a 0-6

.a5a 9-8
a.3a 7-a:22a 6-a

.25a 4-8.a5a 3-8

.a5a t-a

.:; ;;::

:a5i r-a
.as16-a

:2::+::
::::;::.3a97-3.3894-3.3890-S.3087-3.3884-3.3a 80-3

1.9974?1.997471.997473..997471.997481.9974sL.997461.9974s1.997481.99742
5051sa535456
:f
59

.5014-1.8013-1.5011-1.8010-1
::::::;
::;;;:;
:s001-1 I

.3 L44-3.3141-3.3138-3.3,135-33133-3:3130-3.31a7-3.3186-3.3iaa-3.3119-3

.3877-3.3873-3.3 S70-3.3* 67-3.3863-3.3860-3
::;:~:;
:3847-3

;.;:;::
1:997491.997491.997491.997491.997491.997491,997601.99750

34.6034.6134.623&.63-
34.6434.6534.6634.6734.6034.69
34.7034.7134.7a34.7334.7434.7534.7634.7734. ?034.79
34. aO34.8134. Oa34. a334. e434.8534.0634.0734,0834.89
34.9034.91.34.9a34.93.34.9434.9s34.9634.9734.9034.99

.31’24-6.5119-6.3113-6.3110-6.3106-6.310a-6.3097-6.3093-6.30 Ba-6.>004-6

.3079-643075-6.3070-6.3066-6.306 a-6.>057-6.30 S3-6.3049-6.3044-6.3040-6

.aso o-a

:: f;!:;.e495-a.a 494-a.a 49a-a.a49 i-e.a490-a.’2488-2.a487-a

%;;;
4996-14994-1499a-14991-14990-14980-14907-1

1.991601.997601.997601.997601.997601.997611.9976%1.997611.997611.99761
.a4 as-a
.a4s 4-a
.a48 a-2.a481-Z.a480-a.a478-a.8477-8.a475-a.a 474-a.a 473-a

4985-14984-1498a-1493. 1-%4980-1497a-1
.4977-1.497s-1.49?4-1.497a-i

.3a 20-3.3807-5.3604-3.3801-3.3797-3
:;:~::;
:378413.3781-3

1.99761
1.99761
1.9975e
1.9976S
i. 9975a
1.99759
3..997s1
1.9976S
z. 9975a
1.99753

.3063-3.3061-3

Xi;;
.304 a-3.3045-3.304 m-3.3040-3
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.4971-1.4970-1.4968-1.4967-1.496 S-1.4964-1.496 E!-1.4961-1.4960-1.49 S8-1

1.997S31.997S31.997631.997s31.997631.997633..997641.997541.99754
1.99764

.0998-6.a980-6.a984-6.a9e 0-6.a975-6.a971-6.a967-6.a963-6

.a958-6.29 S4-6-

.a457-a
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.a 454-a
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.a 450-a

.a 449-a
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1.6
1.6

1.660
1.609
1.679
1.679
1.678
1.67S
1.67S
1.677
1.677
5.676

L. 676
1.676
1.675
1.674
1.674
1.673
1.673
1.67a
1.67a
1.671

1.67L
t.67u
t. 670
1.669
1.669
1.668
1.668
1.66?
1.667
1.666

1.6
1.6
1.6

1.6
1.6
1.6
1.6
s.6
1.6
1.6
1.6
1.6
1.6

1

1.6S1
1.651
1.650
1.650
1.65u
1.649
1.649
1.648
1.640
1.647

.647

.646

.646
,.64S
.645
.644
.644
.643
.643
.64a

.64a

.64L
d:;

.640

.640

.639

.639

.636

.630

v

04.950
84.9.51
84.953
84.954
04.956
8< .957
64.95’3
.99 .;:;

84:963

.33.;::
04:967
84.969
84.970
64.972
64.973
04.975
S4.9’76
84.97e

a4 .979
e4.9U1
a4 .98a
a4.9m3
d4.9u5
04.906
e4.9tle
84.9U9
64.991
84.992

84.994
a4.99s
84.997
84.998
04.999
8s .001
05.002
05.004
6s .005
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(b) & = 10to 20.

Figure2.- Continued.
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Free-stream Moth number,Mm
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Free-streamMdI rwnber,Mm

(c) & = 20 to 40.

Figure2.-Concluded.
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D3flecticfiCnglq8,&g

(a)5 = 0° to 1oO.

Figure4.-Variationoftheshock-waveanglewithflowdeflectionangle.
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Deflectkmancjle,8,deg

(b) 5 = 10°to 2Q?.
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Figure4.-Continued.
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Figure4.-Centinued.
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Deflect-mongk,8, deg

. (d) b = 290to 3&.

Figure4.-Concluded.
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Deflectimangle, 8, @

(a) 5 = 0°to10°.

Figure5.-VariationoftheMachnumberthrough
. functionofwedgeangle.

an obliqueshockasa
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Deflect’kmmgle,8,deg

Deflectionangle,8,deg

(b) 5 = 4°to 22°.

Figure~.-Continued.
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Pressureratio,D2/pl

I(a)P2P2 =0 ~0

Figure6.- Variationof thepressureratio
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throughanobliquesho$kwave
as a functionoftheangleofflowdeviation.MI= X2;7 = 5/3.

.



4C
●

N.ACATN4063 105

?

.

.

.

Pressureratio,p2 ~,

Pressuremtio,p2/q

(b) P2P1
/

Figure6.-

= 9 tO 27.

Centinued.
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Figure6.- Continued.
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Pressureratio,p2\pl
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Pressuremfio,p2/p,

I(b) P2PI= 18 to 54.

Figure~.- Continued.
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